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REPORT OF THE AMERICAN COMMISSIONERS OF 
THE INTERNATIONAL COMMISSION ON THE 
TEACHING OF MATHEMATICS. 




, INTRODUCTION. 

At 1 1 10 Fourth International Congress of Mathematicians, held at 
Rome in April, 11)08, an International Commission on the Teaching 
of Mathematics was created. Representatives of the various leading 
countries were selected to carry on an investigation of the teaching of 
the subject throughout the world and to prepare reports liefore the 
meeting of the congress of 1012. « 

The American commissioners held their first meeting in New York 
City on March 20 and 27, 1000; Jt was resolved to form an advisory 
council to which might be referred important general questions and 
with the members of which the commissioners might consult col- 
lectivity or i nib 1 vidually os occasion might arise, and to Invite the 
following gentljun^n to membership: The United States ^Coinmis- 
sioner. ant]^x-("ouunrasioner of Education, the presidents of Harvard, 
/Columbia, and Chicago Universities, and the presidents and ex-presi- 
dents of the American Mathematical Society and of the American 
Federation of Teachers of the Mathematical and the Natural Sciences. 
All of these gentlemen consented to serve, and to their earnest cooper- 
ation is due in large measure the success of the work. A list of the 
members of the advisory council (^appended to this report. 

Various committees and subcoVmn it tees were invited to consider 
and report upon social fields, in tjie spirit of the plan 'of The central 
commitfte. A list of the members of these committees, together with 
the plan of official publication of their reports, is given in the 

Appendix. * ■ < 

In a communication to the various committees at the time of the 
organization of the work the American commissioners said: 

The preparation of the reports ohlle for n comprehensive survey of our educa- 
tion s.vHtem In general and of the work In mathematics lu detail: for A sketch 
of The unparalleled activities of recent deendes in the development of existent 
^ Institutions and in the genesis of new ones : for an account of llistmodltt cat Ions 
In the work In ins thematic* that bar? already b.een umde and of fhe reforms 
that are still under consideration. It affords Mb an opportunity to take an 
^ Inventory of present conditions nftd to weigh the proposal* that have been 
'made for the future. «The Bpirl£ of the work should # theref ore be Judicial, not 
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legislative. 

» V * 
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* Since the rojtortH are demined* for the educational public of .ninny nations. 

It will be exponent to give a-eonrlse account of the Kiillent features of 01 
BfhtKils and the conditions tinder wfiich we work, *uoh as are usually tartly 
asswinetl In our own disrusHlons, Work in miithciiuitloR must |>e ivku l'dwTji ml 
Interpreted In the light of ItH environment. and <>ur reports slmuld^iirnish 
the readers of other nations with information respecting our ojucnt tonal 
system and conditions analogous to that which* wu shall exi>ect frm^theui. 

America is unique in the liberty left to individual tnlllntlvc^Si maiters of 
education, and In Mie absence of nuthoritntive central leglslatloj^iud supervision. 
It Is desirable, therefore, that the reports describe clearly tlitT practical working 
of this freedom and its efftK-t, good and had. upm our jjrogress in general and 
In mnlbeinnHcnl education. 

We. likewise, stand alone In the complete sepn ration of church and state 
throughout our entire history, atn^nn account of the effect of this on the work 
of education will l*e of interest to those nations that, have facM or an* facing 
serious problems^ conueetion with religious instruction. 

We are also unique in the brevity of our educational history, and in the 
consciousness of living in Its formative epoch, a consciousness that permeates 
all our aetivflies. While it Is imt the aim of tin* commission to study educa- 
tional history or to tubulate statistics, it may be necessary, under Anierienu* 

• * 4 * 

conditions, to do some* work of this nature in order to understand the present 
and to forecast the future. 

• Although *the great central problems are full}- stated in the preliminary repu*t. 
we have pthers that are iH*euliar to ourselves, such as the mlffeatlon of the 
negro and the training and Americanizing of the large number of uneducated 
Immigrants constantly pairing In upon ur. 

In all of these respect# the various repirts should pay suitahfe attcnth>n to 
the International character of the 

\ The topics considered by the various' commit tees were as follows: 
(Committee I. General elemental schools. / 

Committee IT. Snecinl elerqSptnrv schools. I * 

Committee III. Public general secondary schools. 

Committee IV. Private general secondary schools. 

Committee V. Tlfe training of elementary and tocondnry poachers. 
Copmittee VI. Technical secondary schools. 

Committee VII. Examinations. * ^ 

Committee VIII. Influences tending to improve the work of the 
. • • teacher. 

Committee IX. Technological schools of' collegiate grade. r 
Coiiymttee X. Undergraduate work in colleges of liberal arts. N 
Committee XI. Wfest Point and Annapolis. 

Committee XII. Graduate work in universities and institutions 
of like grade. 

The names of the members of these committees are appended to this 
report. -Their several reports have been published by the Bureau of 
Education, have been transmitted, to all foreign commissioners and 
to all bureaus of education in the various States of our country and 
\the various countries abroad, and have been distributed freely to 
those who have applied for them. ‘ . 
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THE REPORT OF THE AMERICA!!? COMMISSIONERS. „ . 

NATURE OF THE REPORT. < ' 

In the following general report the aim is to present, a concise 
. ' view of the organization, methods, a iicl problems of the' teaching of 

! b mathematics in the United JStates, touching particularly upon the 

larger questions that seem to merit especial emphasis, and referring 
to the special reports for details with respect- Jo the various types of 
' schools* The report considers %, follow ingjjeneral topics: I. Gen- 
eral American Conditions; IT. Mathematics in the Kleinentarv 
• School; III, Mathematics in the Secondary School; IV. Mathematics 
in the Higher Institutions of I ..earning. 


I. GENERAL AMERICAN CONDITIONS. 

TI1E CENTERS ok EDUCATION AL* AUTHORITY IN THE UNITED STATES. 

In the United States of North America there are, 4ft States, each' 
of 'Which is self-governing, except in those items specially entrusted 
to the central Government by the -Constitution. ■ Among lhe.se items 
the 'formation and administration of an educational system is. not* 
found. Consequently there exists no national authority in educa-- 
tional matters m the United States, the largest unit of authority Jbeing 
the State; That there are not 48 widely different- educational sys- 
tems in the country, that a la rge measure of uniformity does exisjt in 
‘ the educational Iwojk of the whole country, that it is possible to 
.speak of a 'sjnglewlucational" system found (with local variations) 
* ^throughout the whole country, Is due simply to the homogeneity of 
thought and'lifjAof the •country and not to any constitutional require- 
" ^ -merit. The IWW variations are, of course, important, but this report 

can not concern itself withihem; here only a composite picture is 
possible, and it must be understood that only the general situation is 
fcet forth. 

* \ 

* r " 

FINANCIAL' SUPPORT OF AMERICAN EDUCATIONAL INSTITUTIONS. 


1 / 


\ t * * 
Throughout the whole country educational institutions from the 

lowest t'o the highest are supported either by public funds raised by 
direct taxation by a State or one of its subdivisions (say a county 
or city), or. by private funds. Th6 private institutions are some- 
times’ supported by philanthropic endowments supplemented by 

. ■'* '* ■ ■*, ’ 7 ' 
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tuition foes, and 'sometimes are commercial ventures in which the 
tuition foes received are expected to pav the entire co,st of main- 
tenance of the institution' and Suitable returns oji the capital in- 
vested. (iranfs from public funds to private institutions ure N rarely 
made, and gifts fmii^duliurthropie individuals are made less fre- 
quently to public than to private in I'iUitious. 

In the public institutions tuition is usually free to all residents of 
suitable age of the community supporting the school,'* and text- 
books arc often furnished free to all pupils. 

sr ukr\ ision ivy win -State./ 

The State supervises, at most, the inslitut ions supported by public 
funds. 1 .As no legal righis oU privileges are confer reel bv gradua- 
tion from schools of any of the types to be considered in what 
follows,- State approval worth! give no additional value to* the 
diploma of a private institution, and such institutions Tin vc no in- 
centive voluntarily to submit themselves to State inspection or con- 
trol. Those' who seek graduation Trom an educational institution 
in the United Stilus do so for one or more reasons of the following 
nature: On account of the ^inherent value of the education obtained; 
to conform to custom; on account of the social and moral conse- 
quence given by such graduation; Inmanse the diploma is required 
fon admission to another educational institution;, for appointment 
as teacher or the like. . » 

, TVPF.S or schools, a ^ ’ 9 

Normally the pupil passes in order through the following types of 
schools: Entrance age, dj. 4; 5 — Kindergarten ; G, 7, 8; .<), 10, 11, ,1*2, 

— Elementary school; 14, 15, 1G, 17 — Secondary school; 18’, ID, 20, 
21 — College or institution of collegiate rank ; £2,23, 24^— University 
or institution of university rank. 

The elementary schools .— The kindergartens are often private in- 
stitutions. Their work is not prerequisite to%ntrance into an ele- 
mentary school, and the school career of almost all children begins 

»A full account of the eyatem of State inspection l« glv j : in the report of Committee? 
VIII. 

■In aomc of the Stated legal rights arc conferred by graduation flgpn certain types of 
professional schools oh those of low, medicine^ dentistry, -Jphnrmncy, ctc.f but ax no 
mathematics IfC taught In theHC loatitutlons they fall without the sco;* of the present 
report. Of*fourHo those Institutions require sfijdcotfl onterityi them to have reached a 
certain standard of tenoral education varying widely with different institutions and con 
vcnieiitly certified by a diploma, and either legal enactment or general custpja often 
requires grad urn tjo n Yrom a school of certain type for appointment as teacher, but private 
schools have hitherto had no difficulty In soctrtlng acceptance of thafT diplomas in tolflU- 
tnent of thea^ requirements on terms of equality with thole offpe State- Insisted 
schools; so that these requirements do not exert any treasure upon private, schools to 
seek State Inspection. (In case auch Inspection w,ere requested, It might be refused on tb« 
ground of expense.) ^ 
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v. ith the^ elementary * school. The elementary schools an* almost 
entirely public, and here Hourly a 11. the- children of any given vicinity, 
rich or poor, are taught side by side* on ferms of equality for a period 
of eight years. In the Northern States negro children constitute 
only a small |)ercentage of the total and are usually taught wifh the 
white children; iirthe Southern States they constitute a large per- 
centage of the total, sometimes even more than half, and are taught ^ 
separately. The school career of the great majority of the children 
ends with the completion of the elementary school or sooner. 1 
* Sequence of schools .* — (ionerally speaking, the completion of the 
* work of an elementary school is required for admission to a secondary „ 
t school; similarly, completion of the work of a secondary school \< pmA 
requisite for admission to an instjtutioji of collegiate nr^. tinM finally 
the’difdomu of a collegiate institution is the basis of formal adi^s- 
sion to university work. But there is no required sequence of Jypes of 
. institutions or of curricula. There i> practically hut one type of the. 

. elementary school, which is the common basis for all subsequent 
work. In the other institutions Uiere are various typos and eurrio- 
tda, but generally speaking it is possible to pass (with more or less 
supplementary work) from any type of secondary school 1o -any 
collegiate institution -miff thence to any university, or to change 
from one type of institution or curriculum ‘to another \qhile, passing 
through it. It must be noted that different institutions of the vari- 
ous cultural types (classical, modern languages, scientific) practi- 
cally never exist, but the uniformly prevailing practice is to carry 
through in the same institution curricula of such of these types for ■ 
which there is a sufficient demand/ So far as these curricula cover 
^common ground, the instruction (s common, and if a pupil finds, as^ 
his mind and personality develop or ‘as his aims in life become more 
definite^ that another curriculum than the one which he has begun • 
would fit-hts needs better, he can change from oqe to the other bv 
making up such work of the new curriculum, as he hirs fiot had. He 
may do this either by attendance upon class instruction or by satis-' 
factory '"private instruction with . examination. When made in a 
♦■serious spirit such transfers .ace encouraged uml facilitated hv. the 
school authorities. AdditipnaBtime is usually required to complete 
*. the course, .but, in favorable cases the privileges of election may per- 
mit the change to be .made without loss of time. 


Separate institutions of technological, commercial* manual-train^ * 
ing, and agricultural types ejgst, but suph work is also often carriea 
on in general institutions. * When tiiis is the case students talcing 
one type^of curriculufn are not sharply differentiated from those tak : 

^ ing another, and students taking different curricula will ha ve ‘more 


1 For a detailed account of the'organixatiOh'of educational Institutions in the United. 
State*,* tee the report of Commutes L 
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or less instrnction in common. One of the most prominent common 
subjects is mathematics. It is a matter of^ constant occurrence that 
■ the same class in mathematics will contain classical, literary, and 
scientific students; to whom mathematics is primarily a culture sub-* 
ject, side by side with engineering and other Students, to whom 
mathematics is primarily a vocational tool. All these different types 
of students interact on each other within the classroom, and in their 
association outside the classroom all meef on ’common, ground. In 
aftcj life the slight distinction of differing curricula is soon effaced, 
and only the bond of a common education in the same institution" 
remains. The teachers of the common subjects (for example, njathc- 
piatics) ’feel themselves the teachers equally of all types of students 
that .come under their instruction. The isolation of teachers and 
pupils? in separate institutions — classical, literary, or scientific, with 
■ their separate traditions, aims, and esprit de corps — does not exist tit ; 
all in the United States, and the separation of the vocational institu- 
tions from the cultural exists only to a, limited extent. 

. \) 


:urai 

THE 


PREPARATION OF TEACHERS.. 


One of the gravest problems of American instruction in mathe- 
matics, from the lowest to the highest, is that of the adequate prep- 
aration of the teachers. This is, of course, more or less of a problem 
# everywhere, hut the peculiars! ifficulty of American conditions will 
appear from certain statistics. 

During the past half century, say from 1800 to,1910, a period in 
which free public education has become general, together with the 
compulsory feature, our population has substantially trebled, in- 
' creasing from 31 millions to 92 millions. At present nearly 18 
million pupils (almost 20 per cent of our population) are. enrolled 
in our eljmaentary schools. In the same half century the annual 
number of immigrants has risen from 150,000 -in 1800 to over a 
million in 1910, and new States have been admitted to the Union 
representing over a million square miles of territory, resulting in a 
vast amount of moving about the country. In the 20 years from 
1890 to 1910 our exports rose from 858 millions of dollurs a year 
to 1,7$5 millions, and our imports from 789 millions to 1,558 mil- 
lions, and our manufactures of iron and steel, for example, rose 
from T22 millions to 179 millions. ** 

The bearing of all this upon our school pr^ble^iff^ery evident. 
Suddenly, within less than two generations, a iration has been con- 
fronted with the demand for universal education. This demand 
would Jbe serious enough with a population that Vitas static as to 
numbers or static as to residence; but when the population has been 
multiplied by three, when children have been continually changing 
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from place to place, when the school has had to teach not only 
mathematics but also conversational English to the children of a 
million immigrants a year, when the country has had not only to 
maintain its ^rhoolhouses on original territory but to provide 
for a rhillion square miles besides, and when tin* increase in trade, 
in manufacture, ami in wealth in general has beemsuch as to draw 
its most active men into busmen, the solution of the educational 
problem has not been a simple one. Teachers* have had to be sup- 
plied for these elementary schools. If has not been a time for 
standing on technicalities of training, nor even for demanding a 
high degree of culture; it has rather been a period for immediate 
action, for avoiding at all hazards- the perils of illiteracy, and for 
maintaining the public school at whatever grade of efficiency was 
attainable, even though not in general satisfactory. Since the best 
type of men could not be secured in any considerable number, owing 
to the tin uncial opportunities offered by 'a hew country, since teach- 
ing, was one of the few financial openings for women, and since in 
the earlier school years the work of the woman is inore satisfactory 
than that of the man, there has come "about a state of affairs not to 
be found in any of the older countries. Td-dnv four-fifths of the 
teachers in our elementary schools, are women , 1 and onlv a relatively^ 
smay number remain* in the profession more than a few years. The 
problem of training such an army of women teachers, most of whom 
iVinain in the schools but a relatively short time, has been and is oner 
of great difficulty, and its influence up American education in 
general and upon elementary mathematics in particular is serious^' 

THE TRADITIONS OF OUR SCHOOLS. 

The elementary schools of the United States inherited the mathe- 
matics of the English schools of similar grade. In our colonial 
period this consisted solely of arithmetic, with such mensuration as 
naturally entered into this subject. The arithmetic^ was generally 
intended to be utilitarian, although it still retained a little of the 
ancient theory 7 , such as jgube root, progressions, and tl^ Euclidean 
method of finding the greatest common divfoqg.. It early became 
the custom ^ study arithmetic in tluf first four school *years from 
a primary .textbook, in the next three or four years from a higher 
orfe, and often during the next two or three years from one of 
still mpre difficult grade. The idea that arithmetic has a high 
culture value was generally accepted; and even if the problems were 
not very practical, they were felt to be 'valuable. 

Given the conditions under which our schools were expanding, it 
Md have been difficult to break awav from auv established tradi- 




Ho 1007-8 there were _891,d80 Women out of a total el 400,012 teacher* In tfie el#- 
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turns, . whether good or jtmd. The man battling with a flood must 
struggle for his life; he can not be carrying out reforms. Hence it 
came about that while courses of study were changing in the older 
countries and a high grade of scljplarship was entering into the 
elementary schools and children were remaining in a single school 
long enough to allow a refonh to be tried out, or were in a country 
where centraHzed authority could plan such reform for. nil schools 
of >imilnr character, in the United States the great problem was to 
keep even what we had inherited. The difficulty of securing well- 
trained teachers early led to the development of an unusually good 
type of textbook — one that might compensate for the lack of skill 
on the part of the teacher, and this result, fortunate though it was, 
tended still more td keep the traditional course intact. As a result 
the general pa tare of the American curriculum in elementary and 
secondary mathematics has changed less in a Century than that of 
several of the older Countries. 


Sl’nilESTIONS FOR CHANCE. 

In a new country, with .few overpowering traditions, the number 
of suggestions for change is bound to be very great, and usually 
to be correspondingly ill-considered. Such has been and is the 
case! with iis. It is probably well within the facts to assert that 
more experiments in the teaching of elementary mathematics have 
been given a limited trial in the United States, and fewer of these 
for sound reasons, or in an adequate manner, than in any other 
prominent country in the world. Conditions already mentioned 
have brought this about — the independence of States, of cities, and 
of villages, the lack of any large body of scientifically trained 
teachersj the lack of" scholarly supervision, the fact that the sexes 
, are so unevenly* distributed in the teaching force — all tluve have 
encouraged superficial * experiments but have .not generally made 
for thorough scholarship and persistent investigation. 

While the difficulties in the wri^-crf'soine haphazard trial of new 1 
# id'eas in single institutions or localities are at a minimum in the 
United States, this very. freedom mak^the general introduction of 
any desirable improvement in the United States 'exceptionally diffi- 
cult. General change can be brought about only by the independent 
action of hundreds or thousands of governing bodies, and the failures 
of even a few jll-consktered and local experiments, of which the 
most erratic often gain most notoriety, tend to make thbse govern- 
% ’ ing bodies besitnte to authorize any experiments whatever, no 

matter how well-oonsidered ahd promising. ^ 

Taken as a whole the country is very conservative in the matter 
of change. It may appear to be teeming with experiments, but one 
. school striving to pioneer a new an^ supposedly better road attracts 
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more attention than a thousand quietly following the beaten path. 
To introduce a change generally throughout the country requires 
not only that the same question be argued out in a thousand inde- 
pendent forums, but also that in each the spirit of conservatism be 
overcome. * * 

In the elementary schools experiments have been decidedly more 
numerous and more varied than in the secondary schools. There 
are obvious reasons for this. The elementary school takes its pupils 
without prepffcration; the overwhelming majority of them receive 
no education beyond the elementary school; and the next following 
type of school, the secondary school, exercises little influence on the 
work of the elementary school. 1 

The secondary school, on. the other hand, must receive its pupils 
at the stage at which the elementary school turns tlfem out. and 
the next following type of institution, the college, exerts a determin- 
ing influence on the curriculum and work of the secondary school. 2 

Since the equipment with which pupils am received ami that ' 
which they must have 911 leaving are fixed by conditions practically 
beyond the control of any single secondary school, very definite* 
limits are placed upon the possible range of experiments and Uie 
character of changes. 

Further, experiment or change means disturbance, temporarily 
increased difficulty for teachers in their work of instruction, j>er*> 
haps more or less dissatisfaction with the innovation on the part 
of the pupils and their pnrents. with the attendant possibility of 
loss of pupils; and private schools at least, which technically are 
the most independent of all, would look askance at a plan involving 
such a possibility. - 

Still further, the great majority of secondary schools, acting 
singly, justly feel that their work is, primarily, teaching according 
to the existing standards, and not the initiation of educational re- 
forms; that their governing bodies and their teaching staff lack the. 
time and ability, the training and the breadth of view, nccessax^-to 
deal adequately with the general questions involved. 

Consequently, educational experiments in the secondary field nre 
by no means as frequent or' as effective as the complete freedom to 
undertake them might lead one to expect. 

Eveimmong the States that hnve a strong central administration 
none pas, as a matter of fact, ventured to put into force an educa- 
tional program varying materially from those current in its^ sister 
States. ^ 

So that a country which in commerce is so alert and progressive; 
whose men of business are constantly replacing the u good enough ” 

See the report of Committees I. II, IU, and IV, * Sec the report of Committee X. ' 
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by the “ better, is in ^ducati^ffal masters umoiy* the most conserva- 
* tivo of the world's leading nations, generally moving along lines of 
* least resistance, frequently clinging to the “good enough’' because# 
the way to the “ bettef^is not authoritatively pointed out. 

It Ls worth while to consider the question whether it would not be 
possible nnd desirable to mnke a more systematic study of the prob- 
lems relative to the teaching of mathematics in this country than has 
hitherto been undertaken, in such wise that the results would com- 
‘inand nntionnl confidence sufficiently to nssure them a certain moral 
authority as standards. 


II. MATHEMATICS IN THE ELEMENTARY SCHOOL. 

General stains . — As stnted earlier in^this report, the elementary 
school in lilt United States usually has a course, of yight years beyond 
the kindergarten, the latter being an optional course found chiefly 
in cities. Each State has the power to lengthen or shorten this 
course, but in general eight- years may he taken as the norm. These 
years are usunlly designated ns (/radcs, the first grade 'Usually, being 
entered at the ago of (> years, the second at the age of 7, and 
~ so on. Nearly all^blic elementary schools are coeducational. Pro- 
vision is often made for the omitting of a grade by a pupil who is 
capable of proceeding more rapidly than the average. This is done 
in various ways, as by half-year promotions, and by having special 
classes for the purpose. Some fyd^ools promote their pupils by sub- 
jects, instead 'of 'by grades. None of these questions as to how the 
promotion is effected, however, has a direct bearing upon the work 
‘in mathematics* v 

In general the pupil knows something about the lower numbers 
when he enters school. The work in the first year varies greatly 
throughout the country. ( In some places no arithmetic is taught as 
such in the first grade, but an attempt is made to introduce it inci- 
dentally in connection with other work. Ii^ other places a course in 
formal arithmetic is seriously undertaken. In New York State, 
•for example, the official curriculum requires the study of numbers 
to 100, the memorizing of the 45 combinatibns in addition, apd the 
process of carrying, in the adding of numbers. ^ 

Jn the same way the, work in the other grades varies in different 
parts of the country, the details of* which are. set forth in the report 
• of Committee I. For .the sake of readers who wish a mere summary, 
however, the following outline of the New York State curriculum, 
v adopted in 1910, will show the general nature of the work in the ele- 
mentary schools of the United States : 

Grade I. Age 0-7 years. Number, apace to 100 and the addition table, tbe 
process pf carrying in addition, 


* 
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Gnido II. Ago 7-N yen re. Subtraction. The multiplication table to X & 
Process of carrying In multiplication by a one- figure multiplier. 

Grade III. Age K-0 years. Multiplication table to 12 X 12. Multipliers Sf 
more than one figure. I/>ng division. Measures. - < 

tirade I\ . 'Age 0-10 years. Common • frnctions. Inctmllng all .alterations. 
Measures, Including nil of the common tables. 

* Grade V. Age HMl-Zyenrs. Decimal fractions. Denominate numbers. 

Grnde \ I. Age 11-12 years. Review of common nnd decimal fractious. Per-* 
centage begun, with applications to profit and loss, commission, and simple 
Interest. 

Grade VII. Age 12-13 yf?ars. 'Percentage continued, .with applications to 
simple nnd coni|>oumI interest. Simple banking business. Ratio and propor- 
tion. Square root/ 

Grade VI 1 1. Age 13-14 years. Review of measures. Applications to meas- 
urement of common surfaces and solids. Rapid calculation. Stocks and bonds. 
Insurance, taxation. Algebraic notation sufficient for the use of fonmilnv A 

Hjteclitl class in algebra Is also i»ermitted for Crude V|][, 

/ 

It is possible that this course is too difficult in the early grades, 
>In* ninny American schools the multiplication table is learned only 
to 10 X •> in Grade II, the ii*st of it. being postponed to (trade III. 
There has Ix'cn a tendency in some sections of the country to elimi- 
nate formal arithmetic in (trade I and even in (trade II, no number 
work being performed there except as it arises incidentally in con- 
nection with the other work of the chi It Iren. In the above course, 
neither of these views of education is recognized. The course re- 
quires the multiplication table in Grade III to 12 X 12, which is 
more than is demanded generally in tins country. The completion 
of long division in Grade III is also more than is cbmnionlv re- 
quired in other parts of the country. Nevertheless the course is 
considered a strong out*, and it represents a reaction against a recent 
tendency to relieve children from # serious effort in obtaining an 
education, 

.1 fet hod (Worn moidy employed * — In general, in the United States, a 
textbook,, is plnced in the bunds of the pupil in .the third grade. 
Textbooks have also lavn prepared for the second grade. These 
textbooks usually give some explanation of the various processes, 
and supply n sufficient list of pipbleins to give the child n ifinstery 
of each. Of lnte the ( tendency has l>cen to give Ipss in the way of 
explanation in the textbook, * the increasing efficiency of the k teaching 
force permitting this wokk to be left for the instructor. This 1ms 
permitted of more probleiris in the textbook, thus bringing them tA 
resemble the European collections of exercises to n greater extent 
than was formerly the case. In general, the nature of the problems 
has changed satisfactorily with the change in business customs and 
.in the prices of commodities, nnd^here is less cause for complaint on 
account of obsolete material than was the case a few years ago. 

The teacher usually explains a new process by means of questions 
and answers, and when it seems understood a number of probleins 
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lire given to be worked out for the next recitation. In the lower 
gmdes little or no. home work is assigned, the work being done dur- 
ing a study hour in school. In the upper grades home work is fre- 
quently assigned. 

* IMPROVEMENTS IN ARITHMETIC. 

Agitation for improrem-ent .— The question (^improving the work 
in arithmetic has been much agitated during recent years, and this 
Agitation 1ms led to several good results. In the-first place, the past 
quarter of a century has seen a weeding out of most of the obsolete 
applications of arithmetic. To-day it must be said for the subject e 
that i\ large per cent of the problem material represents modern con- 
ditions of life, and is of a sufficiently varied character to meet the 
reasonable needs of all classes. There is a general agreement that 
the school should not attempt to instruct in the technicalities of 
particular trades or vocations, but should give a sufficiently wide 
range of the applications of arithmetic to prepare the pupil to 
master these technicalities for himself when he enters upon his life 
work. This the school is doing as well as the crowded curriculum 
and other conditions will permit. 

A second improvement of great importance has resulted from the 
consideration of child psychology,. Apart from details of^no par- 
ticular significance, one feature stands out prominently — that the 
subject matter of arithmetic is better arranged than formerly to 
arouse the interest and to meet the immediate needs of a child. A 
number of experiments in this line have been tried, and as a result 
we seem to be tending toward a still more satisfactory solution of 
the problem of arrangement of material. 

A third point worthy of mention is ‘the growing recognition of 
the fact that no textbook can /noet all local conditions with respect 
to appropriate material for problems. Teachers are recognizing the 
value of themselves securing practical problems that, represent the 
industries of their respective localities, both for the interest that 
they have for the pupils and for their value in the -life o i the 

community. * •* 

Attention should also be called to the results of experiment as to 
the best methods of securing efficiency in the ordinary Dumber work 
that is met in practical life. While a greaUdeal of this experiment 
has been ill advised and fruitless, a number of good Jesuits have 
been secured. 1 We at least seem to be coming again to recognize that 
efficiency in number work can not be secured without thoroughly 
*- learning the necessary number combinations and without attaining a 
mechanical skill that can be secured only through a large amount of 
computation— a belief that' has not 4*ecn uniformly held in recent 


i For detail* *ee the report of Committee I, 
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years by our leaders in education. The sacrifice of reasonable, effi- 
ciencx in computation to the supposed interest of the pupil is entirely 
ini'! leecssary. a 

Experiments. — Among* the experiments that have been tried have 
’ been the basing of all number work upon measurement, and usually 
upon the measurement of a body of material so restricted a,s to be 
uninteresting; the' extreme spiral arrangement of matter, in which 
the important topics, instead of being treated thoroughly once or 
twice, are touched upop briefly from time to time, on an increasing 
spiral of difficulty; making arithmetic purely technical in a narrow 
Vfield, with the idea that new motive is thereby supplied and with the 
result that the pupil fails to acquire that appreciation of the subject 
that comes from a wide range of applications; the rearrangement 
of material at the whim of some local and temporary authority, with 
no real motive save a desire for change; the entire neglect of appli- 
cations in the desire |o attain mechanical efficiency ; the neglect of 
abstract Work in the idea , that motive was to be found only in appli- 
cations; the attempt to make arithmetic* a mere incident to other 
work, using it only as a tool when a need for it arises in manual 
training, domestic art, or some other subject; and the attempt to 
accomplish the desired results by teaching arithmetic for only three 
or four years. Such experiments have generally been disastrous, 
even with the hacking of enthusiasm given hv their authors. Indeed* 
one of the most serious causes of poor work in arithmetic in the 
United States to-day is the feeling on the part of a few city and 
State authorities that they are expected to initiate their brief term 
of office by having a few teachers prepare a now syllabus in the 
various subjects of the course. It is often considered that such a 
syllnhus is to he commended the more in so far as it resembles all 
the other svllabi t he lo^. . ' 


THE IRUOTION OK AUJKUItA AND UKOM ETIt V, 

Gradual introduction — With the abandonment of a 0 number of 
obsolete topics (hiring tin* past quarter of a century has come the pos- 
sibility of reducing the time devoted to arithmetic, of supplying 
other topics of the modern business world, or of taking advantage of 
this saving of time by introducing a year of algebra and geometry. 
As a matter of fact, all three of these results have been partiv 
attained. The time given to arithmetic at present is considerably! 
less than it was in the old rural school, in wlfich reading, writing, 
geography, and arithmetic made up most of the curriculum. Mocjern 
business problem^ have replaced a good many problems of the older 
type, such as those involving unused compound numbers, compound 
proportion, equation of payments, and progressions. Mensuration 
40811 °— 12— 2 • * 
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in arithmetic has become a phase of concrete geometry, and- the rules 
of the subject are no longer bliydlv given and blindly received. The 
use of the letter “ar," and in general of any helpful literal notation, 
has found its way into the arithmetic of the Inst two years of the 
fileq^tary school (the child's seventh and ‘tight h school years). 
Thus, without anV sudden revolution, all three of these changes have 
been or are being effected solely by the force of general opinion on 
the part of the great body of teachers. 

Partial failures .— Numerous efforts .have, however, been made to 
introduce algebra as such, or some form of geometry as a separate 
topic, into the curriculum of the elementary school In general such 
efforts have not met the expectations of their advocates. Several 
reasons may be adduced for this partial failure. Probably the most 
cogent one is the fact that many teachers in t lie elementary school do 
not know algebra well enough to appreciate its value, to manipulate 
it skillfully, and to inspire their pupils with respect for its use. In 
our better class of schools this is not the case, for these schools em- 
ploy well-trained teachers; but in the average school it is not unusual 
to find teachers who either have not studied algebra or have so for- 
gotten the subject as to make them incapable of teaching it, oVen in 
its simplest phases. In time this state of affairs will be remedied, 
unless the pernicious attack of some of our authorities upon all serious 
mathematics in the high school shall result in the lowering of intel- 
lectual standards to such an extent as to, disqualify all teachers for 
any thought fid work in arithmetic. 

A second reason for the partial failure of algebra may be found 
in the fact that our curricula have seldom been planned in such way 
as to give the subject much chance of success. In most cases where 
algebra has been introduced in the grades, it has l>een merely as a 
condensation of the formal algebra of ilie high school, meaningless 
in its content and tainted with the danger llmt it would lessen the 
pupil’s interest in the subject when he reached the high school. Akin 
to thi$ reason was the further one that the applied problems were 
not chosen with the same good judgu^ntThat appeared in the prepa- 
ration of the better class of arithmetics. 

It is the opinion of many teachers, however, that algebra is certain 
to find some place in the elementary school, at least in the form of 
literal arithmetic.. There are two strong reasons for this, opinion. 
In the first place, the linear equation in one unknown quantity throws 
light upon many problems in arithmetic, and the failure to use it for 
this purpose is an evidence that older and more difficult methods of 
solution ajvpreferred to modern and simple ones. All inverse cases 
in percentage are simplified materially by the use of the letter “ so ” 
to represent the quantity sought, and it seems to be only the ignor- 
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ance of certain teachers that has deprived others of the opportunity 
of using this device. 

Algebra hi the eighth (fyadc.— There is a second powerful reason 
for. introducing literal arithmetic in thooighth, grade, if not earlier. 
Ihis is the growing use of the’ formula in artisans’ journals and ha/id- 
books. This has rendered n knowledge of simple formulas essential 
if one would read understnndingly such publications as these, and 
has made this knowledge of practical value if these formulas were to 
be used and were to lend to the development of others. 

e therefore have two strpng practical reasons for some algebra 
in the elementary graded: (1) Its use in arithmetical problems, and 
(2) its value in the interpretation of industrial formulas. .Added 
to this are the pleasure ami the training in exact expression that come 
from the study itself when intelligently presented, even with prob- 
lems that have no direct bearing upon other interests, a pleasure that 
otherwise would never be experienced by the considerable number of 
those who do not enter the high school. 

Introduction of geometry . — ith respect to geometry the same 
thing is true. Efforts to introduce it as a separate topic in the eighth 
grade have not generally been successful As mensuration in arith- 
metic’ it has constantly improved, but as an independent subject, 
whether called “observational,” “ intuitive, 11 “ constructive,^ or “ con- 
crete '’'geometry, it has not*succeedcd in the American schools as well 
as it should.. There seems no doubt that this is largely due to the 
fact that so many teachers have either not studied geometry or have 
been assured bv some authority in which they had confidence that 
it ha* no place in the curriculum. If it should Income, as some 
would make it, either a mere elective subject in the high school or 
an ill -arranged set of rules of mensuration, our future t earners will 
be even less able to give it any status in the grades. It should he 
said, however, that -in certain of our secondary schools wjiere the 
Vork covers more' than four years distinctly valuable results are 
being obtained in geometry, even in the earliest classes. In these 
cases the work is undertaken in somewhat the sanfe manner as in 
the best European schools. f 

There seems to be no reasonable doubt that there will in due time 
appear sonte jnore systematic work in geometry for the elementary 
school than any that has yet beon developed 1 : It seems fairly £tain 
that this Will not he' extreme in its industrial tendency, in its men- 
suration W|>rk, in its appeal to intuition, in its logical formalism, or 
in* its application to design. Where such work has succeeded, it has 
combined these features, and if we are to ha.ve a course developed 
that will be a substitute for the very satisfactory work that we now 

our great 
nature. 


have m mensuration, and that pll compel .the respect of 
body of earnest teachers! it will probably be of this general 
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Objection# to mathematic ». — It has been intimated fliat certain of 
our educators hold an unfavorable' opinion of niathematics in the 
liiffh schools. Such is unfortunately the case. Whether it arises 
from the fact that they were unfortunate in the instruction which 
thev received as students, or4K-cau.se of their blinding interests in 
some line of work which they are exploiting, or from some other 
cause, it is difficult to say. It is certain, however, that they exert an 
unfortunate influence upon the niuiigcnanec^ofjntcllectunl ideals, 
and tend by their doctrines'to unfit teachers in the grades for the 
thoughtful presentation of even arithmetic. As will be stated later 
in this report, the influence, of such educators has not been marked. 


Heynuung muthevuitic# earlier .— It naturally will occur to the 
foreign reader, as it continually occurs to us. that algebra and 
geometry, as independent subjects, might begin earlier in our schools, 
as is frequently the case abroad, and might cover a much longer 
period. Hut the adoption of such a plan vvould he impnicticable 
under our present- form of organization. It would mean that in- 
struction which imperatively demands a teacher trained in 'mathe- 
matics would be intrusted to q general teacher of all the subjects, 
whose own available knowledge of algebra and geometry may lie 
. very limited. Whenever tlu^plnn of including in the high school 
#ie last two yunrs of the elementary grades, 1 and departmental teacli- 
• ing by the present high-school teacher begins with the seventh school 
year, undoubtedly the algebra and geometry may safelv begin earlier 
than at present. and extend over a longer period; but in the ptildic 
school as it now stands our hope for impro' ->n"..f i„ this line lies 
either in the gradual introduction of practical algebra into arith- 
metic, or in the preparation of elementary textbooks in utilitarian 
algebra nnd geometry for those^vho do not propose to study mathe- 
matics in the high school. 


THE DANOrft or I'NIFOKMITY. 
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harly uniformity .— It has come down to ns from our Declaration 
of Independence that “all men are created equal,"- and into this 
phrase wfc have read much that we knew was not true and much 
that, has influenced our education, and in particular our elementary 
mathematics. For we have read into it the idea that all children 
have the same tastes for,“Tieed for, and ability in this and other 
subjects of study, and that all should take the same course with a 
view to having equal opportunities. So emphatic has been this 
opinion that only n few years ago it was commonly asserted that the 
course of study should be the same in all schools, and that the pupil 
preparing for college should follow the same cunripulum as the boy 
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who was going into tin; shop or the girl who was look ing'for ward to 
domestic service or*to the home. » 

Of late there 1 1ms been a natural reaction against all of this ex- 
treme view, and as a result we are now Inn ing various tvpes of in- 
dustrial classes, apprentice schools, trade schools,’ and t lie like, the 
mathematical work of all of which is descrilied in Jhe reports of 
Committees II and VT. ! 

i \ ajlect of iiuitlumatirs . — In all of these movements, however, the 
first thought has been given to the pupil who does not widi to learn 
mathematics, or at most to the apathetic one, rutlil-r than to the one 
who wishes to learn. Our uniformity in the past led to mediocrity, 
and our specializing of the present is only for the boy or girl who” 
is looking for the purely utilitarian. That many sehodls have secured . 
sat islactorv results is in spite of, rather than because of, such 
conditions. 

It would swni that a desirable step in elementary public education 
would lm to make some provision fob the pupil who wishes to progress 
more rapidly in one or mote lines of serious study. It is possible that 
some plan may Jm- evolved that will allow us, at the end of the first 
six school years, to differentiate our pupils, requiring- all to take at 
least as much mathematics as at- present, hut allowing a select group 
to proceed more’ rapidly and to cover more ground.. If this could he 
repealed biter, we should be able to give to everyone the utilities of 
the subject while allowing the few to go at a more rapid pace, to do 
the work more thoroughly, and to cover more topics. It is too early 
to assert that we have reached a period 'in our development when 
such a plan is feasible, but herein we may possibly see a niova that, 
may profitalfv he made in the teaching of elementary mathetnatics/ 
But any plan that should mean a mere elective system in the sec- 
ondary school, or a diminution in the time now giveif to mathematics 
would he disastrous to the child's mental development. At any rate 
souk* better method than the present one of giving opportunity to 
the one who wishes it, while preserving a good, course, in mathe- 
matics for all, will probably be developed. . 

EFFEC’T OF 1 

7 he elf7Yu>ni(ii*i/ school . — The nyiid growth of jmlustry in recent 
years has had its effect upon the mathematics of the ele'inentarv 
schools, chiefly in respect to the. nature of the topics and problems in 
the last two years (the seventh and eighth grndes)/ The early occu- 
pations of the people of the country were agriculture and re|aih 
trade, and the topics of arithmetic, were selected accordingly. At\ 
present the urban population is increasing much more rapidly tljan \ 
the rural and our industries have come to be controlled by large 
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corporations. As a result, the agricultural problem is less in vogue, 
and the problem of the city and industrial type is more prominent. 
'For the large mass 'of schools this is the general effect of the change 
that has l>een mentioned. 

Industrial xcj tools . — For a small nmnlxn* of schools the effect has 
been more marked. Thus we have in Massachusetts a recent develop- 
ment of industrial classes, the mathematics of which it is hoped will 
> be conditioned by the chief industry of the particular local ij^r. In 
several States there is an .effort to have the schools in agricultural 
centers relate mathematics, and other topics as well, to the work of 
the farm. In a number of cities there are industrial schools of vari- 
ous types, as described in the reports upon this subject, 1 and these 
have all aimed to arrange, the work in arithmetic so as to meet the 
, future needs of their pupils. The natural tendency has been to make 
such courses narrow, and to develop only a limited vision of the 
worR even in arithmetic. In general they do not pretend to be more 
than utilitarian: confessedly limiting the powers of the children to 
some small field. Their value lies in jhe motive for work that is 
prq*cn ted by its relation to some handicraft in which the children 
are engaged. 'For a certain type of mind they are valuable, but they 
do not contribute to any considerable broadening of this mind, nor 
do they seek to add that general culture which has been found to 
make for happiness ahd for sympathetic interest in the world at 
large in later life. They tend to close ^the door to general mathe- 
matics, and they are to this field what a course in the literature of 
artisans' martimls would-be to the nobler literature of the language. 

must, however, l>e recognize^!, that there exists a type of mind to 
which this work appeals, ami t h a fe^pr* t h istv pc such work is neces- 
sary. Tn so ffir as the school is rigKT’m its^iidgment thffct a pupil is 
not. worthy of something letter, such a narrow range of worl$ is to 
be commended. It is to be hoped that courses- will 1m organized that, 
may woythilv meet this condition; but it i,s also lobe, hoped that the 
schools will recognize that the well-t rallied* all-round citizen need 1 ** 
a more general education than this tyi>e of work in mathematics 
suggests. 

Practical problems . — Along with this movement there has pro- 
ceeded an effort to add motive to elementary 'mathematics (almost' 
exclusively arithmetic) by relating the problems solely to the manual 
ails and to the purchases and other immediate needs of the children 
from grade to grade. Within reasonable limits problems af this type 
. are valuable, but it *is easily seen that they may become worse than 
" the oldest types that^e have inherited. A problem, about book- 
binding is of no more value than one about tlie price of a cow lyiless 

1 See the Reports of Committees II and VI. 
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the pupil is binding a book; indeed, it is probably distinctly less 
useful, since the value- of a cow has the more important information. 
Unless, therefore, special manual -training problems are directly 
correlated with the corresponding manual work, they are usually 
worse than the convent i on a 1 general type that has stood the test of* 
time, provided always that this typg is mo<lern in its content. For 
this reason there has not. in this country, been any particular inter- 
est shown by the general type of school, either in the problems of 
some narrow fjold of industry or in those that relate to the industrial 
and domestic arts, except as introduced directly in classes in those 
subjects. It has generally l>een found that there should l>e a good 
all-round course in arithmetic, with modern problems of a general 
type, and that it should l>e left to the classes in the various special 
arts to draw upon the knowledge tluisf smiled to solve their own 
particular problems. ** 

* ' TIIF. TEACHERS, 

► In general the teachers in tire (dement ary schools in the United 
States are women, the reasons for which have been set forth in the 
report of Committee I and elsewhere in this report. In some eases 
men are employed in the higher classes. These women teachers are, 
in the cities and large villages, generally graduates of normal 
•schools, of city training schools, or of high schools. They have to 
pass a State or. ft city examination for a license to teach. iiikL they 
form an efficient and devoted body of workers. In the rural schools 
and in the smajler villages tbfre is need for improvement, owing to 
the peculiar conditions in winch our country finds itself at present. 
Many teachers in tl^ese schools recognize, quite as well as others do, 
their defioifneies in education and in professional training. It can 
only be said tliat. under the conditions in which a new country finds 
itself, it is impossible to secure the nuinl>er of trained teachers nec- 
essary to do tire work as the country would like to see it done. The 
improvement in this direction during the past generation has, how- 
ever, been gratifying. It shows itself in. n greater public apprecia- 
tion of the need for well-qualified instructors. and in a general 
increased interest in the work of the school. 

THE OUTLOOK FOR IMPROVEMENT. 

%. 

Present criticisms . — The work in mathematic^ in our elementary 
schools has been criticized — has always been criticized — as unsatis- 
factory. In general it is said, and with some truth, that ^ pupils 
leaving the school at the age of 14^»an not add, subtract, multiply, 
and divide, in the domains of integers, .simple common fractions 
and decimal fractions, with fair rapidity and wi(£ accuracy, and 
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that they are deficient in the ability to find per cents of numbers. 
The general public, and, indeed, the countinghouse, thl bank, and 
industry, give voice to few other criticisms of arithmetic, but there 
is no uncertainty as to these that have been mentioned. While the 
general public does not profess to judge whether a child has £een 
well taught with respect to square root, proportion, or inverse prob- 
lems in percentage, and professes iu> great interest in the deficiency 
of children in matters of taxes, insurance, and investments, it does 
judge, and it judges harshly, this inability of children to handle 
the fundamental operations with certainty" and with a’ fair degree or 
skill. It states with some emphasis that eight years QUght to be long 
enough to accomplish the little that it demands, and it is probably 
justified in this complaint. The school is recognizing t^is fact and 
has begun to adjust its work accordingly. Recent courses of study* 
have substituted more work in the fundamental operations for cer- 
tain of the obsolete applications of arithmetic, it being the feeling 
that if the pupil knows the processes thoroughly, together with the 
common rules of mensuration, he will see how to solve the probleips 
of his vocation when the time arrives. 

Improvements suggested . — The first improvement, therefore, in 
the immediate future seems to be to emphasize the work in the 
fundamentals of arithmetic, including tlie domains of integers, com- 
mon fractiqns, and decimal fractions (with percentage), using com- 
plicated cases only’ sparingly and at the end of the course,. That 
this can be done without a large amount of drill work in pure number 
is not the general opinion of experienced teachers. 

As to the methods of presenting the simple facts rff number, our 
schools' seem to be accomplishing their task in a satisfactory manner. 
There fyjsbeen a healthy reaction against the use of narrow methods; 
and although individual teachers will naturally have their favorite 
devices (as of going to some extreme in measuring, the exploiting 
of the ratio idea, and the use of such a limited range of objects as 
inch cubes), there is a general recognition of the fact that the prob- 
lem is really a simple one. At present the teacher commonly ertiploys 
convenient objects, without confining herself to a narrow list, for 
the purpose of making number concrete and of having the number 
fact, understood, abandoning them whert this pVpos© has been ac- 
complished. There is a decided tendency to recognize that number 
processes must become mechanical if they are. to be used successfully, 
and this has resulted in a return to drill work on the operations, a 
feature that has never been abandoned with satisfactory results. 

As to the applications of arithmetic, there has been a general ten- 
dency to make thSsc appeal to the pupil’s activities and interests as 
far as possible. There are certain large fields of application that 
appeal to all, relating to commodities found everywhere, to general 
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business customs, and to the common occupations of our people, and 
these find their places in the general textbook for -all schools It 
has been found, however, that the interests in*one part of the country 
are not those in another part, and the outlook for improvement at 
present is not so marked in the wify of textljook problems as in the 
awakening of the 'School to the advantages of problems of a local 
character. This has shown itself ih the preparation of lists of prob- 
lems drived from the interests of the particular locahtv. and occa- 
sionally in the printing of brief collections of this character. 

The curriculum .— As to the arrangement of the curriculum, the 
outlook seems to be for a return to a plan in which a subject, such 
as percentage, is taught consecutively until it is sufficiently mastered 
or with not more than two breaks in the sequence, as opposed to an 
extreme spiral method that was tried a few years ago, Under 
adequate supervision the plan of breaking such a topic into two or 
three* parts, properly graded as to difficulty, has .succeeded; but 
without this supervision, or in schools not equipped with trained 
teachers, the topical arrangement of matter has been more satisfac- 
tory. The outlook is that both types will lie recognized, and that 
little by little a mean will be found between the two. 

III. SECONDAHY SCHOOLS, 



OROAMZATIOX. 

? 

General nn,l ter finical saonddri/ schools . — The secondary ^cliools 
of the United States may lie classified as general and technical, the 
former having general culture as their primary aim. while* the latter 
aim to prepare more of less directly and completely for certain occu- 
pations. As the technical schools have nrisen largely during the past 
decade only, and are of the most varied character, theif diverse cur- 
ricula are as vet in the earliest stages of their evofution. and the 
problem of the modification of the work in mathematics as found in 
the general schools, so as to adapt it more effectively to the purposes 
of the various types of technical schools, is one that now calls for 
careful studyjAMKo the present time thy conditions and tendencies 
in the wfjWflBthematics in the two types, of schools Irnve not 
differ^nJj^^MTSVeelves sufficiently sharply to require separate dis- 
[point. 1 \ 

private schools.— Both the general and the technical 
— ^ a g"in subdivided ^into public and prirnte schools. 

. the gene™! schools, the public and the private schools have been 
s eparately studied.* The result s have shown surprising uniformity. 

•u^ m P mu;^ , ’“ n ’ **“ ,D ,h ' <*■-««*• “I- IV. VI, and, their 
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Both private and public schools have long existed in large nuhibers 
in the United States, and it might be expected that the absolute free- 
dom on the one hand and the more or less considerable measure of 
central administration in the various States on the othgr would* lead 
to marked difference in the work of the institutions. \et^f direct 
mention of the type hf school and the statistical matter pertaining 
directlv to the type were eliminated from the report on the public 
general secondary schools and that on the private general secondary 
schools, they might well pass as two descriptions of the same" class of 
schools writ toy by two different committees. The agreements would 
be many and important, while discrepancies would Ik 1 few and usually 
explainable by the naturally different point of view of Iwo different 
committees. It is apparent from the reports themselves, and is also 
n matter of current knowledge among those well acquainted with the 
conditions in the United States, that the differences in mathematical 
work between the two classes ns wholes is decidedly less marked than 
the variations within each class. 

In. the present general discussion we accordingly spealc of secondary 
'schools ns a whole, distinguishing if need be Ijetwcen the gnod^fcid 
the poor, the progressive and the ultra-conservative, but seldom 
between the public and the private, the general qnd the technical. 

Admission to the\esondanj' school . — The secondary school receives 
pupils on examination or on certificate after completion of the ele- 
mentary school course. The noYrual age of admission is 14 years, 
and the course of study usually covers 4 years. • 

THE CURRICULUM. 

Recent changes in the curriculum in mathematics .— The last few 
decades have witnessed no thoroughgoing remodeling <hrougl>out the 
United States of the secondary curriculum in mathematics at all com- 
parable with those that have taken place in several European coun- 
tries. What, changes have taken place have been made by a relatively 
small portion of the schools acting-singly, have varied widely accord- 
ing to local conditions,' and have left the situation as a whole but 
little changed. 

One must not, however, make the mistake of thinking that America 
is complacently folding her hands in the belief (hat in the matter of 
mathematical curriculum she has reached th^ acme of perfection. 
This is" far from being the case, bub freedom from central control 
and supervision has .been accompanied by absence of central stimula- 
tion and leadership, and tt*e distribution of ultimate authority among 
thousands of local centers has had as perhaps inevitable -consequence 
a condition of affairs in which few of these centers feel themselvte 
strong enough to initiate and carry through any important change. 
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For while the course of study in mathematics is nominally fixed by 
the governing body of the school, after conference with its principal, 
unci to some extent with the teachers of mathematics, it is in reality 
determined almost entirely by the entrance requirements of the col- 
lets. 1 The schools, acting singly, seldom venture to make changes • 

in their work which would throw it out of conformity with* the cur- 1 

rent entrance requirements of the colleges to which their pupils j 
usually go. The colleges, orfftie other hand, must consider the eapa- | 
hdi tics of the schools in fixing these' requirements. The accomplish- ' 
n.ient of the schools and t lie requirements of the colleges being at • 
present in working equilibrium, any one school or college introducing 
a ladical change single banded might find itself not so null’ll initiat- 
ing a general reform ns diverting students from itself. Under our | 
presi iit custom of action (or inaction) by single institutions, not all 
institutions feel eitlier the responsibility or the ability singly to 
grapple with national problems, but all feel keenly the strong pres- 
sure holding each single institution to conformity to present standards - 
11 nd customs. - ^ , 

In this connection an important opportunity of leadership 
offered tin* strong colleges, particularly those of private foundatioi^^^ 
If t^je State uimersity. as part*of the general State educational j 
organization, is obliged to accept students us prepared bv tluygener- 
ality of the schools of the State", the privately endowed institution is 
free to make use of entrance requirements* to select studehts whose 
preparation has been satisfactory, and on tlijs basis to give them a 
better education than would otherwise be [rossible. The experience ’ 
of leading colleges Acting singly in past decades shows that this is 
not an impossible ideal. Under concerted,*! ud.v and action, the out-< 
look would of course be decidedly more promising. 

The curriculum in malhenuitim.— The curriculum in mathematics 
in secondary institutions with a full course of {our years varies but 
littre in the great majority of oases from the following average (the 
arabie numerals denote the work of half a year, 18 to ’20 weeks, 4 or 
5 periods of 40 to . r >0 minutes each, weekly) : , 


FIRST 8CJIOOI, VK\R. 

1 ; 2. Fust ciHirsr in alpebra. including literal notation^ the four fundamental 
nitrations for i*osltlve and negative numbers, fractions, factoring, 
IliUNir equations In one or more unknowns, problems lending to such 
equations, quadratic ^qmitlons with numerical coefficients ami simple 
problems lending to Buch equations. There Is n tendency to use* 
problems related to the life of the day. when available. Graphic 
methods tireiisod to some extent." 

— — 

* See report of Committee III, p. 15 . 

„ rPo ? * T™ de, ! U<Hl aCCOUDt of the WOrt ,n the varto( '" *ee the rtixffT Ot 

Committee III, p. 17 et *oq. • * ^ 
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SECOND SCHOOL YEAR. , __ .... 

3-4. I'lanc geometry. This course covers tlvtf " books : I. Rectilinear figures , 

II The circle f III. Similar polygons ; IV. Arens of i-olygons ; \ . Regu- 
lar itolygons and the measurement of the circle. The work Includes 
the more or less "original " demonstration of a goodly number of easy , 

„ r moderately difficult exercises. Including problems In loci, and con- 
stitutes all the formal Instruction In elementary plane geometry that 
the pupil ever receives, iu school, college, or university. 

* 

THIRD SCHOOL YEAR. .v,, 

5. Second course in nipt bra. Kudfr.ils- and exponents, hut not logarithms. 

Quadratic equu.lons In one unknown: solution and problems, with 
' some attention to the discriminant ami the relation bet ween -the roots 

mwl the coefficients. A few higher eolations solved by means of <mad- 
ratlcs and a few special cases of systems of equations with two 
unknowns solved by menus of quadratic*. The elements of arithmetic 
and geometric progressions. Tendencies as. under 1 and 

6. Solid geometry. This covers four “ books " : VI. hint* and planes in space: 

VII Prisms and pyramids; VIII. Cylinders and coties; IX. 1 he sphere. 
The sul.jectsxnre treated ns under 3. 4. and constitute the lobdltv of 
the formal Infraction In' elementary solid geometry given In school, 

collope. -*>r ufiuVslty. 

FOURTH SCHOOL YEAR. 

7 . EUmuninry plane i ripanometrtt. - ( 

8. Third course to algebra. , , 

Courses 1— \ nre generally required of nil pupils nn<l course 5 is 
frequently so required, while courses 0-8 tire usually elective. A 
course in commercial arithmetic is also sometimes offered. As course 
5 is always required for admission to colleges and technological 
schools, while course f. is generally so required by technological 
schools and sometimes by colleges, these subjects are usually given 
by the Schools and are elected by a considerable number of pupils 
' Course T and course 8 are. given by practically all colleges, and in 
. practice are regarded as primarily collegiate work. They are accort - 
inglv given bv relatively few schools and elected by relatively few 
pupils in those schools. The ground covered and the method of. the 
treatment are largely influenced by the wish of the school and the 
pupil, that the work done may be accepted by the college jl> which 

the pupil goes. . .. . n 

The standard secondary -school course in mathematics as it actually 
exists to-day may be regarded as .consisting of courses 1-0, desmbed 
above There are some variations in order, but the above may ftuvly 
be regarded as tvpical. As a textbook is always used, and as the 
teaching usually adheres .closely to the text, a good idea of the 
details of the ground covered may be obtained from the examination 
of some of the books in current use. 

* Tendencies to modification.— Marked tendencies to change the cur 
• riculum in various details am distinctly noticeable in the country, and 
) w««n to be gaining in strength. Thus, there are tendencies to omit 
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geometric, proofs that are either obvious or too difficult; to transfer’ 
the more difficult portions of the algebraic matter hitherto given in 
the first year of the high school to a later year; to avoid algebraic 
manipulations of greater complexity than is requisite to prepare 
pupils thoroughly for the work that lies beyond: to give more promi- 
nence^) the equation; and to 'introduce more problems from physics 
and other sciences and from practical life. ^ v 

Simultaneous tme/utu/ of ahjebra and f/t Ofurtrif,— It has been pro- 
posed to redistribute the subject matter of algebra, and geometry as 
now taught in the secondary kdiools (without illl'ring either' the 
ground ultimately covered or the total amount of the time, given to 
mathematics) so that algebra and geometry should be taught simul- 
taneously during the years in which they are now taught successively. 
Tn considering su rearrangement there arises iirst of all the 
question of its theoretic- desirability; should this 1m; decided nffirnm- ' 
lively, that of its feasibility presents itself: Front the point of view 
of educational theory it may lie urged that the simultaneous teaching 
of algebra and geometry is desirably, lK>cnuse,it permits the gradual 
development of both subjects during a long period, thus facilitating 
digestion and assimilation; because it allow/ the postponement of the 
more abstract and difficult portions of each subject to the later years 
of the curriculum whoa the pupil is more mature, both mathematically 
and in general: In-cause it makes possible the. use of the methods and 
results of either subject whenever advantageous in the trentqient of 
problems of the other; and because it eliminates the detrimental 
periods of disuse of either one of these subjects or of all mathematics . 1 

On the otlu-r hand, it may he urged that the simultaneous teaching 
of algebra and geometry is undesirable, because many teilchers fear 
that at the age of H the pupil's mind is not sufficiently mature to 
begin demonstrative geometry without distinctly lowering the stand- 
ard of the instruction, a" result that would he decidedly deplorable; 
because the points of direct contact between algebra and geometry^* 
are so few tlmt the simultaneous treatment allows for little if nnv 
more correlation than the tandem arrangement; because there is 
already a groat deal of practical mensuration Hint has been included 
in. arithmetic on which to draw in 'the first treatment of algebra; 
liecnuse there is also included in arithmetic the general idea of 
similar figures in connection with the applications of proportion; 
and correlation with the work' in areas, solids, and similar figures is 
therefore possible in the first course in algebra at present and is 
actually effected by a large number of teachers; apd because when 
geometry is reached correlation with the. algebra that has preceded 
is feasible under the present order. 

V 


1 8m report of Commute. Vtl, pp. 20, 21. 
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Considering the poetical aspect T)f the plan, those who advocate 
the simultaneous teaching o^f algebra and geometry point*^ the fact 
that it has been long and thoroughly tried by some of the leading 
nations of the world; that these nations hav£ found simultaneous 
teaching entirely feasible and have achieved ‘excellent results under 
it; and that every one of them is convinced that the simultaneous 
teaching of these subjects is decidedly preferable to their successive 
teaching. 

It does not follow, of course, that the plan must needs be pract icable 
under American conditions. In determining whether or not this is 
the case, the measure of general preparation of our teachers, the^r 
degree of readiness to handle this particular plan, the heterogeneous 
character of our pupils, the number of pupils fhat transfer from one 
city to another in the midst of their secondary course, the existence of 
suitable texts, and the temporary disturbance occasioned by the 
change must all be taken into account. 

The plan has actually been tried in a few American institutions 
with divergent results. In some cases the experiment has proved 
satisfactory and the use of the plan is continued ; 1 hi others it has 
been tried and abandoned, partly because teachers have found that 
by teaching geometry only two days in the*week the interest of the 
pupil is not as easily carried over from one class exercise to another as 
when the subject is taken up every day. 

It must not be understood that the simultaneous teaching of 
algebra and geometry means an equal distribution of the weekly 
time between the two 'subjects. Such a mechanical attempt at simul- 
taneous teaching would offer the minimum promise of success. 
Simultaneous teaching as used above means rather a “block system ,’ 1 
a distribution of the subject matter so that in each year blocks of 
algebra and geometry alternate, each block having a measure of 
unity^and completeness in itself. The present curricuhim for the 
first two years may be described ns ft system of two blocks. Those 
who may be disposed to try simultaneous teaching would find a 
system of four blocks for these years a conservative and advisable 
beginning. If this should prove successful, the blocks may gradu- 
ally be made smaller as experience dictates. 

Nor should simultaneous teaching be understood to imply a 
“fusion” of the* two subjects into a homogeneous whole which is 
neither one subject - nor the other. Such a . fusion is impossible, 
owing to the inherently diverse characters of the two subjects/ It 
would in any event be undesirable, and attempts at approximation 
to it are not to be commended. 

& *R«port of Committee IV. pp. 150-160. 
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THE INSTRUCTION IN MATHEMATICS^ 

Aim s . — In the nontechnical secondary schools the teaching of 
mathematics is regarded as having for its chief aims thc^ mental 
development of I he pupil and his preparation for later scientific 
work . 1 It is held that the essential benel. s of the study of mathe- 
matics can be attained as readily and as fi lly in the study of the 
subject matter required for admission to c» liege as in any other 
selection of topics, and consequently the courses in mathematics 
offered do all pupils conform to the current collegiate entrance re- 
quirements. 1 

Two tendencies in the thought of the country concerning the aims 
of teaching, secondary mathematics should be mentioned— a tendency 
to modify the conception df the aim of the teaching to conform to 
what is understood to be the outcome .of recent psychologic research 
concerning the value of “-formal discipline," and a tendency to 
attach greater importance to the utilitarian possibilities of mathe- 
matics. 

With respect to the former, workers in mathematic* have every 
reason to be gratified by the progress that is making in the utiliza- 
tion of the mathematical type of thought in the treatment vf the 
problems of psychology and in other complex fields; in the predomi- 
nance that precise thinking is gaining over vague theorizing in so 
many domains of the scientific and practical activities of the dnv 
they will see added reason for tl > careful training ofothe coming 
generation in habits of precise thinking, beginning wrfn that simple 
and readily mastered domain, commonly known as elementary innthe- 
jnntics, which has been and is the inspiration anil model .of precise 
thinking ]n more difficult fields. 

That mathematicians’ will accept and take to heart the results of 
scien dficTii^ ffititrations that- bear upon their science or its teaching 
goes without saying. In fact there is danger that, in unhesitating 
confidence in the dominance of the mathematical idea in modem 
scientific thought, t^iev will too readily accept ns established with 
a definiteness akin to that of mathematics results announced by 
students of a sister science without ascertaining that the conditions 
really warrant such acceptance. * 

With respect to the so-called “doctrine of formal discipline” in 
particular there is danger that results of psychologic research may 
be misunderstood and misapplied by one who accepts it as' a settled 
fact that these researches have “exploded the doctrine of formal 
discipline as generally stated ” without any statement of what the 
doctrine is or how it is “exploded.” The mathematical thinker 


U Instructive to compare with there the alms set forth for the study of graduate 
mathematics In the report of Committee XII, p. 12, ^Td cited In this report on p. 48. 
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will demand that the “ doctrine ” in question lie explicitly and clearly^ 
defined, and that the experiments and their results be stated with 
equal definiteness. lie will then ask hi rosy If . in how far he has ^ 

actually held the view that is stated; he/^vill consider the number 
and character of the experiments and the personal equation of the 
investigator, hud will determine what it is that the experimental 
results really prove: and finally he will decide what modifications, if 
anv, these results require him to make in his attitude. At the 
present time few. if any. mathematicians who are conversant with 
the results of such experiments as have been mnde, and are sympa- 
thetic with their spirit, feel that aught has l>een as yet established 
which would require them to ch&nge their views of the value of the 
study of mathematics. ' ; 

The mathematician welcomes every effort to substitute careful . 
experiment and exnct results for loose thinking and dogmatic gen- 
eralizations. and in this connection recent work on measurihg the 
mathematical ability of children and systematically testing their 
mathematical progress may be mentioned as constituting a sug- 
gestive beginning in a ljjrge and important field.' 

As regnrds the second tendency, lhat of the increased emphasis on 
the utilitnrinn values of mathematics, it may be noted that this 
tendency, praiseworthy as it is, carries with it an clement of danger. 

The practical aspects of mathematics deserve attention not only on 
nccount of their inherent value, but also on account of the additional 
interest which they may arouse; and the effort to exhibit the role that 
mathematics play's in the world about us deserves only commenda- 
tion ; the danger connected with this tendency lies not in the intro- 
duction of utilitarian applications, but in the attitude of mind which 
the search for such applications mnv engender. The very variety 
nnd importance of the uses of mathematics in trade and industry 
may tend to foster the opinion that the learning of such uses is 
the chief end of the teaching of mathematics. This is. of course, no 
more the case with respect to mathematics, than it is with respect to 
less utilitnrinn subjects of the curriculum. .History nnd English' 
literature nre taught not beenuse they cun be diredtly used in enrning 
dollars, but beenuse the educated person should know something 6f 
these fieids and beenuse the mind of the pupil will grow nlong desir- 
able lines, through thinking their types'of thought. Mathematics is 
taught 'for quitq similar reasons. Ilk utilitarian possibilities should • 
not cause us to forget that the., main purposes of its teaching are 
to acquaint the pupil with tKe content of a portion of a domain 
of thought that is fundamentally characteristic of the human mind n 
as such, and not of any particular time, place, or civilization, and to 

• . * T ' " 

1 See/eport of Committee I, pp. 86, ®1. 
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cause his mind to grow along desirable lines by actually' thinking 
in the type of thought that is characteristic of this domain. 

Mode of instruct fan. —The form of instruction varies widely with 
different teachers, to whom large latitude is usually allowed m this 
respect. * Only in case of a > very unusual plan would it perhaps be 
necessary to seek the permission of a superior officer (say t}\e prin- 
cipal), and a serious teacher of good standing would have no diffi- 
culty in securing it. Its renewal would of course depend on the 
degree of success attained on the first trial. 

As practical^ constant features of instruction there may b^namcd: 
The use of a text in the hands of the pupils, containing both theory 
and exercises, to which the instruction conforms closely; preparation 
at Inane of assignments from the text, usually with preparatory 
explanations in the class; many blackboards (as a rule occupying 
nearly or q*ite all the available wall space of the room), on which the 
pupils cftn write^ singly or simultaneously, the solutions of the prob- 
lent worked out Vat home or solve others extemporaneously. Some 
competent teachers successfully develop the' 1 subject matter of 
geometry with the class without the use of a text. 1 

PREPARATION *>V TEACtyiRS. * 

The growth *of the facilities foi* preparation . — The systematic 
preparation of teachers of secondary mathematics in the tin i ted 
States is but in its infancy. In the collegiate mathematical instruc- 
tion of two decades ago practically no special attentiqn was paid to* 
the needs 'of prospective teachers of secondary mathematics. The 
opportunity to make acquaintance whh mathematical subject matter 
in advance of that taught in the high school had indeed longFbeen 
offered by the colleges, of which even the smallest usually gave in- 
al ruction in mathematics sufficiently advanced to include at least a 
course in plane analytic geometry and a fairly extensive first course 
in the calculus. But the instru^jion in the3e courses toojc no account 
of the possible future occupations of the students, and it may wfcll 
be doubted whether the thought that some* member of the class might 
Jater teach mathematics often occurred to the collegiate instructor 
with sufficient force to influence his work even slightly. \No separate 
institutions for the training of .secondary teachers. existed. 

Nearly two decades ago, 2 however, there began to be given courses 
of collegiate grade considering the subject matter of elementary 
mathematics and the methods of teaching it with reference to the 
needs of teachers of secondary mathematics. The number of insti- 
tution^ giving such courses has increased rapidly and is still growing 

» FoY details, as to modes of Instruction see the reports of Comn^tteee III and IV. 

1 Boe report of Commutes V, pp. 5-8. 
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to-day . 1 Further, there is every reason to believe that instructors 
of collegiate mathematics are increasingly conscious of the presence 
of future teachers of secondary mathematics in their classes, and that 
they are more and more frequently availing themselves of such oppor- 
tunities as arise to point out the bearing of the work in hand on 
elementary mathematics. ^ 

There have also been founded in the past two decades various 
separate institutions of collegiate' rank or independent divisions of 
universities having the training of secondary teachers as one of their 
chief functions.^ These institutions all have departments devoted 
especially to n&thematics; their number is still growing; the stronger 
ones have already become potent influences in the teaching of mathe- 
matics in their environment and in the country atTarge, and they 
give every* * promise of becoming still more effective agencies of 
. progress in the years to come. 

It is especially, gratifying to note that the institutions which in one 
form or another are giving courses on the teaching of secondary 
mathematics are, as a rule, well equipped to give adequate instruc- 
tion in a range of mathematical subject matter sufficiently wide to 
.meet the needs of the prospective teacher, and thus are prepared to 
base a sane study of the problems of teaching upon a sound foundation 
of mathematical knowledge. In this way there is obviated the not 
■".altogether unwarranted distrust of an elaborate study of “ methods " 
based upon a meager fund of “‘matter.” 

The past two decades may be said to have witnessed the beginning 
*of the systematic training of secondary teachers in this country and 
its development to a sufficient extent to mark the probable lines of 
its further growth. Corresponding provisions for the needs of the 
elementary teacher had been made earlier by the formation of the 
normal-school system, and that for the teacher of collegiate mathe- 
matics may be regarded as a problem of the immediate future. The 
practice that is occasionally found of giving advanced graduate 
students the privilege of serving in early cojlegintc courses as as- 
sistants to experienced instructors and of teaching under their direc- 
tion and supervision is a considerable contribution to the solution 
of this problem. Such work should, however, be distinctly a course 
of study an’d not service rendered for remuneration. The practice 
now so prevalent among advanced students of divertiag^Aieir ener- 
gies from scientific work to. the instruction of classes for the pur- 
* pose of earning fuitds to meet current expenses is a serious evil . 8 

It is also possible that efforts to make provision for the needs of 
the prospective teacher of collegiate mathematics will take the shape 

1 See feport of Committee III. pp. 79-80. . * See also thle^tfcport, p. 50. 

* 8m report of Committee V, p. T, 
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of an enlargement of the scope of the work of the stronger institu- 
tions that are already covering the secondary field. 

The present degree of preparation . — At present the strong newly 
appointed teacher of mathematics is a college graduate -who has 
had a year's course in the calculus, with antecedent courses : making 
a total of from 180 to 300 class periods of collegiate work in mathe- 
matics. Usually lie has had varying additional amounts of mathe- 
matical work, and occasionally he has had some training in the 
theory and practice of teaching the subject. t 

'/he average newly appointed teacher of mathematics is a college - 
graduate 1 who has had only about one year's work (from 00 to 180 
class hours) of mathematics beyond the work of the school in which 
he teaches. 2 

The constitution of this year's work varies somewhat, but a 
typical combination would be: Trigonometry, . college algebra, ana- 
lytic geometry. The average preparation includes no strictly pro- 
fessional training, no course in the teaching of mathematics to 
initiate the candidate into the teacher's mode of viewing the events 
of the classroom. Consequently, he enters upon his work with but 
little mathematical knowledge in advance of Ins pupils, and with no - 
training at all in the technique of the work he is about to undertake, 
lie is essentially a former pupil, somewhat matured by the general 
experiences of his college studies and life, come back* * to teach his 
quondam fellows. 

If successful in his work, he develops into a good* teacher, at the 
expense of many mistakes, more or less numerous and serious, afccord-fc 
mg to his 'measure of native aptitude for the work of n* teacher. In 
exceptional cases lie extends his mathematical attainments further 
by means of attendance on summer sessions of higher institutions,- 
by private study, or by correspondence work. 8 But it undoubtedly 
requires special- enthusiasm and devotion to do this in addition to 
the heavy burden of teaching work generally carried, m 

It is obvious that this measure, of preparation is entirely inade- 
quate and that, whilejjioneer conditions' may have required the 
toleration of such a state of affairs up to the present, the time is now 
at hand for the adoption of a, radically different course. 

In this connection the urgent need of taking effective steps to 
make the work of teaching secondary mathematics more attractive 
to men should also be mentioned. While the devoted service given 
by women in the mathematical work* of secondary schools and the 
earnest efforts they are putting forth to meet every educational re- 
quiVQrncnt deserve only warmest commendation, and while there are 

1 Id the totality of teachers already In service the proportion of college graduates 
varies largely. See report of Committee 111, pp. 76^-78. 

* See'report of Committee III. pp. 78 - 77 . ' * 

• Bee report of Committee VIII, 
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many women/whose mathematical aptitudes and proclivities fit them 
to reach 0 the highest level of efficiency in secondary work, it is un- 
doubtedly true that on the whole the intellectual interests of women 
do not lie in pure mathematics to the same extent ns do those of men, 
and still less is this the case in the applications of mathematics to 
physics and other sciences or to engineering and other occupations. 
Mathematics is thus a field which furnishes exceptional opportunity 
for impressing on the pupil the man’s point of view amUiis way 
of grappling with difficulties, a feature of instruction whiS should 
be pi eminent in every well-rounded scheme of secondary education. 

Tendency to raise the standard .— A marked tendency toward rais- 
ing the standard of new appointees is to-dav to Ik- found throughout 
the country. This is due in part to the awakening of a keener con- 
sciousness of the desirability of higher standards and in part to the 
gl eater supply of candidates who have had some collegiate or even 
graduate mathematical and pedagogic training. In consequence of 
the work done in the departments of mathematics in the graduate' 
schools, in the more advanced undergraduate work of many col- 
leges, and ih the professional schools for t lie preparation of sec- 
ondary teachers, large and increasing numbers of candidates who*? 
training is decidedly beyond the average stated above are constantly 
sent? forth. Those who 'have attained the doctor’s degree in mathe- 
matics have no difficulty in securing collegiate positions, but those 
who have only advanced part way through the graduate school or 
who have merely attained the bachelor's degree, even though spe- 
cializing in mathematics, have little ground to expect to secure a 
desirable collegiate appointment, These candidates, as well us those 
prepared by the professional schools, must usually find their posts 
in the secondary field. Thus the average attainments o.f the new 
appointee nre gradually and surely being raised by the mechanical 
action of natural causes. . Hut nift-e rapid amelioration of conditions 
is desirable than will la- achieved under the slow aryl blifld action 
of ntftural conditions, and earnest efforts are requisite to ncrelerafe 
the rate of progress, for undoubtedly the greatest single need of the 
day. in the held # of secondary mathematics is the better preparation 
of teachers. Any material advance in this respect would have salu- 
tary effects far lieyond the. domain of actual instruction. A body of 
adequately equipped teachers would not only insure adequate treat- 
ment of the problems within their control, but would also stimulate 
decidedly better treatment ~ST those not directly subject to their 
control. ' 

From the practical point of view, however, it Ynust be noted that 
even under the present standards the supply of well-prepared tench- 
era of mathematics falls short of the demand, especially in the case 
of men, and it might seem futile to raise the standard still higher. 
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In reply, it may be asked whether all the schools that are now requir- 
\ ing better preparation haVe correspondingly advanced the reinunera- 

> tion offered. Are schools Endeavoring to secure a lunch better grade 

of teacher for a stipend that, was already too meager? Salaries pro- 
portionate to the requirements will induce candidates to prepare 
L themselves to conform to any standard, however high; but in \t 

country of opportunity and promise like ours, and at y'tiine when 
the high cost of living is as serious as at present, salaries barelv 
equal to the wages oS skilled artisans or high-grade stenographers 
can hardly be expected to attract ambitious and capable young men 
! mid women into years of earnest and costly preparation for a serious 

•and exacting occupation. Tmler present conditions the result will 
inevitably. I h> a supply inadequate both in number and in the quality 
of those who formally comply with the requirements. The remedy 
lies almo>t wholly in the hands of tin* appointing a ti thurifies. When 
^ it is oiice known that high-grade pay can be obtained by high-grade 
candidates with high-grade preparation and by no others, the supply 
of such candidates will rapidly increase. 

Proposed standards . — Schools that desire, to appoint adequately 
prepared teachers look to institutions of collegiate rank not only to 
furnish the preparation and to l>oar testimony concerning the quan- 
tity and quality of the work done bv the particular candidates under 
consideration, but a ho to determine what constitutes adequate prepa- 
* ration, llithcrto a ft?w individual writers have drawn up lists of 
courses intended to outline such a minimum, and a few colleges. have 
independently defined the attainments that a student must have to 
receive the collegiate recommendation. 

These lists ara meant to indicate the selection from the work now 
offered by good colleges that nmv properly form the minimum rc- 
' quirement for all candidates at. llfie present time/ The lists are in 

substantial agreement antt include, in addition to the subjects taught 
in the schools, good courses in trigonometry, college algebra, analytic 
geometry, the differential' and mtegral c&lculus, determinants and 
the theory of’ equations, modern geometry, the elements of analytic 
mechanics, and at least a little work in theoretical and practical 
physics. Such courses on the history and the teaching of secondary 
mathematics as are offered by the college should alsobe taken. 

With a little enrichment of collegiate instruction, 1 it would be 
possible to require the following minimum; 

(а) Trigonometry, college algebra, analytic geometry. 

(б) purveying, or descriptive geometry, or elementary astronomy. 

(c) The differential and integral calculus with applications to 

geometry, mechanics, and physics. 

{d) Modern geometry. ’ 


*8ee the Citcue#l<y» of advanced collegiate electives, p. 40 of this report. 
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(c) The elements of analytic mechanics. 

(/) The elements of theoretic and laboratory physics. 

(^) Algebra from a modem standpoint. 

(A) One or more courses introductory’ to important fields of mod- 
em mathematics. 

A (i) One or more courses in the history of mathematics . 1 

(;) Ope or more courses on the teaching of mathematics . 2 

It would be desirable if the best secondary’ positions were attain- 
able cm ly by candidates who have had,. in addition to the subjects 
(a) to (y), at least a year’s work in graduate mathematics culminat- 
ing in the master’s degree, and this measure of attainment is already 
required in some schools. 

We' may repeat that secondary institutions can secure candidates 
of any desired degree of thoroughness of preparation bv offering 
sufficiently attractive inducements in. the form of remuneration and 
conditions of work. When once they let it be known that such 
inducements are permanently offered, an ample supply of desirable 
candidates will soon be forthcoming. 

Progres&'by teachers in service . — Within the past score of years?- 
there have grown up important facilities for teachers in service to 
make progress in mathematics without resigning their positions— 
notably the summer sessions of a goodly number of colleges and 
universities 8 and the various organizations of teachers that have 
been formed. These organizations have done effective and most 
desirable work in arousing interest, in bringing secondary and col- 
legiate instructors of mathematics into closer relations, and also in 
contributing largely to such improvements of detail in secondary 
mathematical work as have taken place since their formation , 4 al- 
though they have not as yet led to' any noteworthy’ general reform. 
They have no doubt stimulated many teachers to individual thought 
apd progress, and they have within their reach the possibility of 
participating valuably and with ever-increasing effectiveness in the 
mathematical growth of the times. 




The secondary teacher and the textbook . — Under present condi- 
tions (is to the preparation of teachers, it is inevitable that the text 
should be regarded as a fairly complete record of all needful matter 
an<^ the Ultimate standard of instruction. Geometry and algebra 
usually mean to the beginning teacher but little more than the body 
of material in the books from which he was taught. In this belief 

* f- 

*Tbe#e course* may cover contemporary as well as past conditions and ahnuld utilise the 
vast amount of valuable material furnished by the reports to the International Commission 
on the Teaching of Mathematics. Messrs. Georg * Co., Genera, Swltserl&nd, are the Bell- 
ing hgents for all these reports. 

■These courses should include critical discussion of the subject matter, considerable 
. observe tlo\*ef instruction, and whenever possible practice teaching. 

^ • See report of Committee VIII,*p. 86. 

f Bee rnport of Committee ill, p*. ie>-34. 
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he and his teachers to the n tk generation have been taught-, and in 
this belief he teaches, except in the rare instances in which the col- 
lege has effectively disturbed the tradition. It might seem that the 
textbook could readily be made a potent instrument of improvement, 
but there are serious obstacles in the way of the realization of this ’ 
hope. The text is selected by the teacher, or for the teacher, in* * 1 
view of his abilities and limitations: Texts with marked deviations 
from those in current use would seem to many teachers no longe'K 
really “ algebras" or " geometries/' Such deviations would undoubt 
•edly burden the teacher with the task of learning afresh ^whatever is 
new in. the book, I^ven a change from one text to another along the 
same lines brings nevN^ts of exercises for classroom use. Conse- 
quently the average teacher is conservative in the matter of text- 
book changes. Reform through textbooks alone would' at best be 
feasible only to unrestricted extent, because the text must be mlapted 
to the pupil, while the progress which the teacher must make to 
improve his work can be aided chiefly by materiul in nowise adapted 
to the mind of the pupil. 

furthermore, publishing houses 1 take pains to secure the opinion 
of the average teacher and of those who know him, and a manu- ' 
script that- does not bid fair to win the approval of the teaching "body 
in sufficient measure to secure a remunerative sale would not eusily 
secure an effective publisher. The influences at work tend toward 
the preservation of the present status rather than toward its amelio- 
ration. This is strikingly seen in the remarkable similarity of the 
current secondary texts in mathematics, and in the almost complete 
absence in the I nited States of a highly diversified body of literature 
relative to the field of secondary mathematics, such as is found in 
some other countries, made up of works, good and poor, varying 
widely and in many different directions from current usage, some- 
times erratic, but often stimulating thought and leading the way to 
better things. On r publishing houses are not philanthropic institu- 
tions and can not be expected to publish books that give every 
joropiise of loss; but there is room for invaluable piece of philan- 
thropic work in establishing Some agency for the* publication of good 
mathematical works concerning which competent critics would ren- 
der not the verdict, “The average teacher will probably like this 
book and adopt it as text ”.bul the verdict, ^The good teacher ought 
to like and use this book.” 




On general survey 6f the secondary field two main needs strik- ' ! 

ingly dominate the whole mathematical situation : The need frff the * j 

better preparation of teacher? and the need to reduce, if not elimi- ' 

, -- ^ 1 


1 8m report of Committee VUI. * 
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naje, tfte waste of effort Involved in independent and often inade- 
* ate trtatment of fundamental and .broad question bv separate 
schools, colleges, or local systems. 

The first of these needs must be met by gradual development : per- 
haps all that can be done by individuals is that each should take 
special pains to stimulate progress on this line whenever and how- 
ever possible. It will not suffice merely to raise the requirements for 
appointment; there must be an accompanying guaranty of adequate 
remuneration and suitable conditions of work. To secure this guar- 
anty is mainly an administrative problem, often a political one and 

must at present.be dealt with as may be possible through these 
channels. ^ > 

As to the second, the questjjn 'is well worth considering whether 
some form of concerted study' can not be found that will succeed in 
focusing the best thought of the country upon those of the problems 
relative to the fjpld of secondary mathematics that nre reallv of a 
general character, so as. t</ secure the preparation of recommenda- 
tions that jvoiiltl have a moral authority commanding the nation’s 
^confidence and insuring their widespread acceptance. 

IV. MATHEMATICS IN THE HIGHEB INSTITUTIONS OF LEARNING.' 

THE. ELEMENTARY MATHEMATICS OK THE COLLEGE AND THE TECHNO- 

LOGICAL SCHOOL. . 

The conditions that prevailed only three decades ago in the teach- 
ing of college mathematics are in marked- contrast with tl.osV of the 
present time . 2 The typical college teacher of that p'eriod, like many 
school-teachers of to-day, knew little more of his subject than he was 
obliged to teach. Tn the technical schools the, situation was the same. 
The calculus was taught like formal algebra, not only without regard 
to its applications outside the domain of pure mathematics, but with- 
out understanding of its nature, its principles, and its use within that 
domain. Little wonder that the engineers whose student days lay 
m th^e yearshnve made relatively little use of the calculus in their 
profession. The causes that led to a complete change in these con- 
ditions are traced in the report of the Committee on Graduate Work* 
and will be referred tolater. y 
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Entrance requirements . — The requirements ih mathematics with I 
which all pupils who are to.be admitted to the better colleges and j 
technological schools of the country are to-day obliged to conform 
are elementary algebra through quadratic equations, plane geome- 
l try, and sometimes solid geometry 1 Thus the college or the techno- ^ 

logical school is enabled to arrange its program so that the student 
, 0 hi the freshman year takes logarithms, trigonometry, and analytic * 

geometry, although oft qp solid geometry is also one of the studies of 
| that year. In some colleges much'lhne is given to algebra. 8 This 

is doubtless due in the case of the weaker institution^ to the fact jj 

(Jbat the freshman can not solve a quadratic equation*; and to the l 

extent to wftjch there is a tendency in school instruction in algebra to 
, lay excessive stress on the solution of problems, and to reduce the I 
training in pure algebra to a minimum, freshmen in nil institutions 3 
are still less likely to be able to use their algebra in college work.* 

! But the ultimate responsibility for such a state of affairs rests with 
the college,' which through not having enforced its entrance re- 
quirement in algebra finds itself in the position j^fcfeing obliged to ** 

| give school instruction. The presence of these©Wfientarv courses | 

j in algebra in the college program is. however, also explained in [ 

l part by the persistence of the formal calculus of two or three decades 

ago, when a course in the calculus amounted^ to little more than a new 
| variation in the formalism of algebra. On the other hand, those* , i 

■ pnrts of algel)ra that ])rOperly belong in n college course — deter- 

minants, the solution of higher equations, and various minor topics — 
are being taught at the present time in the better institutions in con- 
| nection with their applications or with kindred subjects ih analytic ! 

geometry and the calculus. 

Arrangement of the material in the elementary college courses . — I 

[ Some institutions have found it convenient to rearrange in a meas- j 

ure the topics tooted in the elementary’ courses, and the calculus is j 
now sometimes begun in the freshman venr, the more difficult parts 
of analytic geometry being postponed to the following year. The 
plan is often referred to as one of “fusion” — an amalgamation into 
a single homogenous course of subjects hitherto treated* in distinct 
courses; and we have heard much of “water-tight compartments,” 
What has actually taken place in such institutions, however, has been 
a modification in the order in which the various topics of the mathe* 
matics of the first two years of the college and the technological 
school are treated. The individual topics are studied in tne main 
as they were formerly, an individual chapter in analytic geometry, I 
for example, not being disintegrated and the unity of its method not ! 


1 C f. p. 27. • Cf. the report of Committee X, p. 1ft, • * 

‘Report of Committee IX, p. IT. ] 




42 BRPOBT ON THE TEACHING OF MATHEMATICS. 

being destroyed; but wfien this chapter is finished, the next topic 
may be a chapter in algebra or the calculus. The early application 
v of the calculus to curve plotting, together with a broadening of the 
range of curves studied, and the introduction at an early stage of 
the approxitnat^^olution of numerical equations, both algebraic and 
transcendental, graphical methods reenforced by the calculus, are 
two important results of such a rearrange'ment of topics. On the 
other hand, there is danger that the loci problems in analytic geom- 
etry, thorough drill in which isjessential for giving the student mas- 
tery of an important and distinctive method in this science, will be 
slighted because they are difficult and easier things are more attract- 
ive. In fact, c^re is needed throughout these courses* that curve 
tracing be not mistaken for analytic geometry, and that the student 
acquire under the new system, ns good students did under the old, 
.the power to use the elementary nrinciples of analytic geometry in 
la her work. s 

The courses in the calculus . — In the first course in the calculus the 
simple integral as the limit, of a sum is introduced at an early stage, 
and numerous applications of the calculus tcf centers of gravity,, 
moments of inertia* fluid pressures, attractions, k i net i Cinergy, 
catenaries and arches, strings on rough surfaces, and the dynamics 
of a particle, as well as to the traditional subjecW>{ curves and sur- 
faced-differential geometry — are taken up. It ns in the course iff 
the calculus that the convergence of infinite series and the applica- 
tion of power series to computation and to the development of func- 
tions are treated. Moreover, in those institutions which have a 
strong department of physics or engineering a thorough treatment 
of partial differentiation and multiple integrals with proofs of 
Green’s and St ekes’s theorems is indispensable. These latter sub- 
jects are not prescribed for all students, but are offered in a second 
course in the calculus, which is elective, though it: may bo pre- 
scribed for certain classes bf students. Indeed, the first course in 
the calculus is elective in- the colleges, but is prescribed in the 
schools of engineering: 

* The Perry Movemer i/.— Much thought and discussion have been 
devoted in recent years to the-content of the basal courses in mathe- 
matics, both in the secondary schools and in the coUeges and the 
technological schools . 1 'While the “Perry Movement” has been 
influential in directing attention to this question a*d emphasizing 
the need that the instruction be given in close toucH with the appli- 
cations, the conclusions at which most teachers have arrived are 

‘Cf. E, H. Moore: On the Foundation* of Mathematics, Bulletin Amer. Malb. 8©c. f 
2d *er., vol. 9 (1902/3) p. 402, and Science, vdl, 17, p. 401 ; W ,<1F. Osgood, The Calculus In 
Our College* and Technical School*, Bulletin Amfr. Math.' 8oc„ 2d *er,, vol. 13 (1906/7), 
p. 44 ; Symposium on Mathematic* for Engineering Student*, a aucce**lon of paper* 
publttbed In Science from July 17 to Sept 4, 190ft. 
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quite different from those of the adherents of Perry’s program. For 
it is r^f^nized that — ^ ^ 

in mathematical courses mathematics should be taught rather thaft applied 
science. It Is generally helleved that the Introduction of technical applications 
in the mathematical classroom Is advisable only when they aro so elementary 
and familiar as not to destroy t lie integrity of the mathematical courses or 
' diminish their education’ 1 value, by obscuring general principled. All agree 

that no Illustration should he used which requires a^teehnleal knowledge not 
% * * 
possessed by the student or readily explainable to him, as the introduction of 

unfamiliar concepts merely offers the student two difficulties ro surmount 
Instead of one. The chief difficulty sjjems to be ill finding technical illus- 
* tratlons which are sufficiently familiar, tile mathematical courses are con- 
fined to the first two yeitrji of the curriculum, and thus precede the student’s 
professional training. 

In one instance the objection Is mls^l that by enlarging applications the 
concrete tends to fill so large a place In the mind that the principle In band Is 
obscured as one of general application. *Tho general opinion, however; is that 
if It Is possible to arrange courses In parallel, so as to furnish material for 
illustration, a training in formal mathematics In 'connection with its ttH'hnical 
* applications gives depth of understanding, strength* of grasji, and freedom of 
use most conducive to the production of efficient and progressive students. 1 

It is only fair to add that a score of years before Perry began his 
campaign the courses in the calculus in Harvard College were being 
modified with reference m bringing them into close touch with 
jShv si os, and that but a few years later a course, following these, in 
the Newtonian potent fa 1 function and the differential equations of 
physics*, was regularly offered'. 

Cooperation between the department of mathematics anil that of 
engineenng. — At the time when the first widespread demands for 
technical instruction caino to the technical schools and the colleges 
offering technical instruction, tly* departments of mathematics, like 
those of engineering, were unable to meet these demands. In, those 
institutions in which both a department of engineering and one of 
nVfltliematics were present, it often came about- that the engineers 
preferred to have their students taught mathematics by men ap- 
pointed iij^the department of engineering.. While this arrangement 
still exists in some institutions, there is — , ♦ 

substantial agreement that there Is no reason why engineers should be given 
essentially different elementary training In mathematics from others, but that 
all mathematical training Is simply a question of teaching the subject thor- 
oughly and in such a way that the student -shall he able to use it freely. From 
the standpoint of mathematicians separate departments of mathematics for * 
different classes of students are regarded ffs narrowing and hurtfil to- nil 
concerned, and regret Is expressed that specialized professional couy^ are 
occupying an increasingly large place In the curriculum to the exclusion iff ~ 
more thorough grounding In broad fundamentals . 1 


* Report of Committee IX, p.'37. * Ibid, p. 88. 
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While, this is encouraging, much remains to be done. If the best 
Faults are to be obtained, it is not enough that the mathematicians 
cooperate with the engineers; ihe engineers must cooperate with the 
mathematicians. The engineer who in his youth himself had inade- 
quate training in mathematics and who has later acquired by him- 
self a working outfit is usually not^well informed regarding the best 
methods of the day in mathematics. His methods are the best for 
him because he has devised them himself. 1 But they are frequently 
not the best for others. Moreover, the engineer not infrequently 
demands, not that the student^shall have the knowledge of mathe- 
matics that will enable him to understand tke mathematical treatment 
that is to be presented to him, but that he have that knowledge in the 
jmecise form in which the engineer wishes to use it. As well expect 
to train a physician by giving him a course in druggist’s formulas. 
It is not until the engineer shall avail himself of the best mathematics 
of the present day and be willing to make its concepts and its methods' 
his point of departure that the problem of cooperation will have 
beo^olved. 

method *. — The classroom method most commonly in 
, us<^i the prescribed courses in mathematics is that of instruction in 
small sections of 15 to 25 students. Sometimes the hour is devoted 
to an oral recitation; sometimes the students solve problems assigned 
them in the class, either at the blackboard or as written exercises 
worked out during the recitation hour. The use of a textbook is 
general, and in some cases the instruction amounts to little more 
than the assignment of a lesson with some comments bv the instruc- 
tor, the class then proceeding to work problems as above described. 
For the lain$ and the lazy this plan has much to commend it; for a 
textbook can be found with exercises so well “ graded” that it is 
merely a question of applying a rule printed in heavy type or sub- 
stituting numbers in a formula. And every student can be required 
to do at least so much. But there is little in'it to kindle enthusiasm 
or inspire a love for mathematics. It curtails an adequate treatment 
of the subject matter of thfe course on the part of the instructor, and 
it restricts the problems set to such as are so easy that they, can be 
done at sight. 

Another method consists in the instructor’s setting forth the main 
principles of the subject in an informal talk, freely interrupted by 
questions from the students. Problems both easy and difficult are 
assigned to be worked independently outside of the class and handed 
in. These are corrected and resumed at the next meeting of the 
<5our§e, an$l those* that .feve presented any general difficulties are 

. " " * ■ /"** ■ " t ■ \ — — — — — _ 

4 It Is a common experience In jl claw In geometry that the solution of an " original " 
obtained by a pupil la Intricate Mid cumbersome, and yet It seems clear to the pupil, for 
ha has disco rered it. , ^ 
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taken up before the whole class. The advantages of the method 
are that the student gains perspective through the classroom instruc- 
tion, sees where to direct his efforts, and acquires power by working, 
in addition to many easy problems, some that can not be done at 
sight. 

A further method* is to some extent a combination of the two 
above mentioned. Two consecutiv^ hours are devoted to each meet- 
ing of the course. The instructor *|es as much of the first hour as 
x seems desirable for the exposition of the subject, for working prob- 
lems, and for general discussion. Problems are then assigned to 
be worked by the students in the class, and the instructor and a 
’ corps of assistants give individual aid, which frequently consists in 

a brief suggestion relating to a specific difficulty* The instructor 
is thus kept in close touch with the class and has positive assurance 
5 that the students can work the easier problems. In assigning more 

difficult ones, whether to be worked in the class or out of the class, 
he can choose with greater security such as are con^nensurate with 
the powers of the student. 1 Under the last two methods larger sec- 
tions are possible, and thus the older and more experienced members 
of the staff are enabled to teach a greater number of students. 

Whatever the method employed be, written tests are frequent. 
Moreover, the instructor is accessible to the student, and the student 
who seriously desires to learn has no difficulty in getting personal 
attention. 


UNDERGRAD U ATT ELECTIVE COURSES. 

> 

Under this title are comprehended those courses which are usually 
taken just after the first course in the calculus or simultaneously 
with it, namely: 2 (a) Modern geometry; (6) mechanics'; (c) second 
course in the calculus; (d) differential equations; (c) determinants 
and the theory of equations. To these may be added descriptive 
geometry and surveying. In technological schools some of these 
courses are prescribed for certain classes of students. 

The foregoing list includes the courses which are offered by the 
stronger colleges and technological schools. In institutions with a 
highly developed graduate department the list is supplemented by/ 
further courses. , / 

Geometry . — In a number of our colleges the courses named above 
are characterized not only by thoroughness of treatment but by 
breadth of view* The course in geometry which follows the intro- 
' ductory course in analytic geometry is usually not confined to an 
analytic or to a synthetic treatment of projective geometry, but j 


avails itself freely of both methods, and is sometimes devoted in 


l Cf. report of Committee IX. p. 40. 

*Ct report of Coflimlttee X, pp. 12 and*17, and Committee XII, p. 27. . 


* .. 





46 BEP0BT ON THE TEACHING. OF MATHEMATICS. 

part to the geometry 0 f inversion, or reciprocal radii. The elements 
of this subject may with profit be included in more college courses, 
both because of the deeper insight into geometry thus afforded and 
for a better understanding of projective geometry itself. 

The scope of the course 'in geometry is indicated by the fact that 
it usually includes abridged notation, homogeneous coordinates, and 
the principle of duality, as well as projection and colli'neation. 
Some treatment of tones and planes in space, and the simpler prop- 
erties of central quadrics generally find a place somewhere in the 
program. In certain institutions with a strong department of 
mathematics the subjects named above are scattered through so 
many courses that it is impossible for a student to get a compre- 
hensive new of*the elements of geometry unlesS he specializes 
heavily in this^field. A- rearrangement of the offering in geometry 
would here seem to be desirable. 

Mechanics . — In mechanics the object is primarily to teach mechan- 
ics, not analytic geometry and the calculus, though the course avails 
itself adequately of both these aids. Statics includes the dements of 
graphical ^tatics; and im-dynamics not merely the motion of par- 
ticles — oscillatory motion, motion in a circle, and motion in a resist- 
ing medium — but the motion of a rigid body in two dimensions is 
treated. The conceptions of Work and energy are developed f?oin 
the mathematical side and fully illustrated in their bearings on 
physics. On the other hand, if the course is to be effective as an 
introductory course in mechanics of the kind the physicist and the 
engineer need, it is not feasible to go into the higher principles of 
mechanics. These Hre treated in a second course, for which the 
second course in the calculus is required. The value of such, a bvoaq|l 
introductory course as a part of the training of the physicist and 
the engineer is now pretty generally recognized in the stronger 
departments of physics and engineering— a marked contrast in the 
case of the latter departments to the situation of two or three decades 
ago (or even more recently), when mechanics fot the engineer usu- 
ally meant the strength of materials and graphical statics. But its 
value for the coMege .student is still not recognized as generally as 
is desirable. It should find a place in more of our colleges , 1 

Algebra , . — While the theory of ‘equations, as given in the older 
English textbooks, usually is included in the list of course>*«f a 
college or ft technological school which is able to offer some of the 
elective studies above named, algebra from a modem standpoint 
can hardly be said as yet to have gained a foothold in our colleges. 
“Modem higher algebra” means in this country, or has meant until 
recency, the theory of the algebraic invariants of the group of linear 
transformations, and as such is important for the geometer, but not for 

1 Cl report of Committee XII, p. 27, «* 
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the physicist or the engineer. On the other hand, the theory of linear 
dependence, with its application to simultaneous linear equations, and 
• the elements of the theory of quadratic forms are important both 
within and without the realm of pure mathematics. Moreover, the 
theory of polynomials, including resultants and discriminants * and 
the elements of the theory of polynomials in several variables, not 
only has varied applications in a broad field of mathematics but a 
knowledge of this, as well as of the other algebraic subjects named 
above, is essential for the teacher of mathematics, whether his work 
lies in the college or in the secondary school/ 

When once secondary tenchers are Well trained in these subjects 
^e problem of teaching school algebra will present less difficulty, 
^ptfcat the present "school cofarse^will be seriously modified in con- 
sent, but the teacher who is equipped with a wide knowledge of the 
science of nlgebra} who has mastered the systematic and genernl treat- 
ment of the problems that have their beginnings in school algebrn. 
and who has lenrn^l to know the methods of algebra by actually 
working with them in more advanced fields, will have a better ap- 
preciation of the importance of algebra as a science and will teach 
in this spirit in the secondary school instead of laboriously multiply- 
ing so-cnlled practical problems in the belief that such problems con- 
stitute the sole justification for the teaching of algebra. Such prob- 
lems are unquestionably valuable and should continue to occupy an 
important place in the teaching of the subject, but they .<£ould’not 
be regarded as the one barrier that stands between algebra^and its 
abolition from the school program. 

ADVANCED INSTRUCTION . 4 

The beginnings of advanced instruction in mathematics in this 
country go buck to the middle of the pnst century, when a group of 
young men took up the study of mathematical astronomy in Cam- 
bridge under Benjamin'Peirt'e. At about this time, too, the Law- 
rence Scientific School wns founded as a department of Harvard 
University and, under Ijouis Agassiz. Jeffries AVymnn, and Asa 
Gray, offered advanced instruction in science. It was also in these 
, years that provision was made at Yale for graduate students to 
pursue their studies in special fields, including that of mathematics, 
and somewhat later Willard Gibbs received an appointment at that 
university.' . 

Not until the eighties, however, after the beginning of the period 
of the enormous, increase in the material prosperity of the country, 
are any large successes to be recoixled. Three causes were at work 
in introducing the study of advanced mathematics, into this country, 
namely: (1) .Study abroad, (2) the foundation of Johns HopEh* 
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University, and (3) the elective system. How these causes operated 
is' traced at the beginning of the report of the Committee on (i radii- 
ate Work. 1 * 

Aims and methods of advanced instruction . — The purpose of ad- 
vanced instruction has been well defined as fourfold: 3 

I. To impart knowledge. 

II. To develop power and individual ^initiative. 

TIL To lead the student to express adequately and clearly what 
he knows. 

IV. To awaken the love of knowledge and to impart scholarly 

ideals. ? 

Probably the advanced instruction of this country is strongest at 
the present time in meeting the first of these requirements. In a 
number of the leading departments of mathematics courses intro- 
ductory to important fields have, in a long series of years, been 
elaborated, which present in well-digested form a large body of ma- 
terial, 8 and the student is thus enabled at the 'outset to make rapid 
progress in acquiring knowledge. He is encouraged, moreover, to 
present a paper at the mathematical club or in the seminary, some- 
times .in a course that he is taking. This work is done under the 
guidance of the instructor, who thus has the opportunity of putting 
the student on his own resources and bringing him to extract knowl- 
edge from difficult sources— the original memoir or a monograph of 
a former age. 4 It is here, too, that the training in clear and incisive 
presentation, rigjitly insisted on in the reports that folloV, 5 call be 
given. Clear presentation must he preceded by clear thinking and if 
the topic is well chosen by a careful weighing of valuta and the form- 
ing of a true perspective. For the student of scientific talent such 
work leads to the threshold or even into the realm of research, while 
for tfie student whose usefulness will lie chiefly in the field of school 
or college teaching it affords most valuable training. 

From these facts it will be seen that the graduate student of the 
present day, whose preliminary training at the time be enters on 
work of university grade is set forth below, 6 * is not compelled to go 
abroad for an opportunity to learn advanced mathematics It may 
safely be said that, so far as the question of acquiring knowledge in 
the chief fields of advanced mathematics is concerned, he will bo 
better off if he goes to a strong American university. The arguments 

1 Committee XII, pp. 0-10 and 21. 

■Report of Committee XII. p. 12. # 

V ♦The Instruction In these advanced course*, and to some extent In elementary courses. 

la\lven by lectures, which, however, have Httlo to do with a system supposed to exist 
and Indefinitely described as “ the lecture system.” '’Slow the Instruction Is actually con- 
ducted when lecture* are used l a set forth In the report of Committee XII, pp. 13, 31, 
and 32. 

*• Report of Committee XII, p. 51. 

6 • Ibid., pp, 17, 47, 51, and 52. * 

f •Ibid., p. 10, tec. 2, 


HIGHER INSTITUTIONS OF LEARNING, 


49 


in favor of foreign study are well set forth in the report of the Com- 
mittee on Graduate Work . 1 » 

As a further aid to the attainment of the end described underlf 
may he mentioned the use of problems in the advanced bourses . 2 
While it is less easy in these courses than in the elementary ones to 
find numerous problems by which to test how far the student is assimi* 
luting what he is receiving, tin instructor who for a long series of 
lectures finds himself giving out no problems to be handed in the next 
day or in the neat; future (not at the end of the term) should scruti- 
nize tht* reaction of tljc class to bis instruct mV ^ 

It is pointed out iiWtho report of the -Committee on Graduate Work 
that in a numlier of graduate schools graduate students are exempt 
from exam ina ( ions fill just before they come up for a .degree, If 
examinations are framed in such a way as merely to test what the 
student knows (or does irt>t know), shell a procedure can be explained ; 
for graduate students of mathematics are, almost without exception, 
characterized by high ambition and a fixed purpose, and the fa it li - 
fulness of their work need not be tested hv frequent examinations. 
Hut an examination, when properly conducted, is much more than a 
mere test : it contributes constructively to the instruction in the course 
and thus lmcomcs an important aid to the graduate as well as to the 
undergraduate. j 

Aside from briefer tests which may be held atStnv time as the 
course advances, there are three kinds of examinations in use in this 
country— the written examination, held under supervision at the 
close of each half year and usually occupying three hours; tlie thesis; 
and the “long paper.” The latter consists of a dozen to forty (or 
even more) questions of substantial character, usually distinctly more 
difficult than the daily exercises, assigned toward the close of the 
half year to be worked outside of the class in a period of a few weeks. 
'Hie students are put„on their honor not to get help from one another, 
hut they may consult books afcri'Tfieir lecture notes without restriction. 
For the purpose* of developing power this system has few equals . 8 

In connection with this subject, the ‘•quiz” should also be men- 
tioned . 3 


1 Committee XU. general report, pp. 18-20, see. r». . • 

2 Collections of such problems have been published from time to time In the Annuls <tf 
Jfdf/irmaffrt; of. Uflcber, Examples In the Tlipory of Functions, Annul* of Mathematic*, 
2d ser.. vol. 1 (181)0-^)00). |>. *17 ; Itouton. Problem* In the Theory of Continuous Group*. 
Ibid., p. 0*1; Osgood, Problem* In Infinite Rories and Definite Integrals, with a Statement 
of Certain Conditions which are Fundamental la the Theory of Definite Integral*, Ibid., 
2d ser.. vol. 3 (11)01-2), p. 121). 

The Kngllsh textbook*, as Forsyth, Theory of Functions, and Uromwlch. Infinite Rerlea, 
also contain long lists of .problems, which, however, could be rendered more effective by 
pruning. 

2 Report of Committed XII, pp. 32 and GO. 
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On the other hand, it must not be inferred from what hasi&FT\said 
ubove that the advanced student of scientific ability is kept in leading 
strings throughout his whole uni verity course. He usually plans hrs 
work for the coming year in consultation with a professor with whom 
he stands in close relations, and when he once has entered on a piece 
of real investigation he has 'the utmost freedom in* the use to which 
he will put his lecture courses. It often happens that he attends some 
courses merely as a hearer; in others he follows the treatment care- 
fully, but does not make the final review that would be necessary if 
lie were held to the examination at the end of the course. For it 
must be remembered that t he doctor’s degree is not based on a count 
of courses, but on attainments in the main fields of mathematics and 
on a thesis. 

The highest of all the purposes named alxivc, and the most difficult 
to attain, is the last: To awaken the love of knowledge and to impart 
scholarly ideals. Our people ate not deficient in their innate love of 
knowledge, even in this age of the exploitation of playthings. Aside 
^on^nese things, liowever, we find widespread within thV college,' as 
in\ie community, the doctrine of .intellectual socialism— a desire to 
leAl only those things by winch one can minister immediately to the 
needs of the many. Devotion to science is looked on as selfish in an 
age marked at once by selfishness and a quickened conscience, ^fctle 
wonder that with the law and business on the one side, and the meal 
immediate social service on the other, the interests of productive 
scholarship fare ill. 

The general report of the Committee on Graduate "Work 1 has done 
well to signalize two needs of the present daV — intelligent idealism 
and high scientific standards. To possess these things as a guide of 
life, to have the intellectual gifts that are necessary for achievement, 
and to interpret thevsa things to the student by sympathetic interest in 
*■ his work and faith in the possibility of his attaining to the larger 
achievement which persistent and intelligently directed efforts assure 
to cyie of good ability, is to be a great teacher. 

It is fitting that in a report <?n the recent history of mathematics in 
tbe United States the debt which this country owes* to Germany be 
gratefully acknowledged. At a time when there was not tip impor- 
tant mathematical center on this continent, Americans were attending 
lectures and working in the seminaries of the leaders of the science in 
Germany. The ideal of scholarly achievement was manifested in the 
lives of these men' and the university atmosphere was filial wifh the 
traditions of the great men whose life work-^sometimes hardly 
closed — ?had changed the^face of mathematics. To these Americans, 
as to their German Kommilitonen, the doors of the Seminar were 


1 Committee XII, pp. 13 and 18. 
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thrown wide open, and not a snjiall part of the influence under which 
these men £ame is to be found in the zeal with which intellectually 
strong men among the German students laid hold M. the oppor- 
tunities which the tfhole German syateiji offered. 'Here*, indeed, the 
conditions were favorable for stimulating the love of knowledge and 
imparting schohirlv^tieals. ' 

THK UNIVERSITIES OF THE UNITED STATES. 

The term K university *' is used in this country in two distinct 
senses. It is applied to the higher institutions of learning, which 
comprise the four faculties, and the stronger ones of which rank with' 
the universities of Europe* It. has also been appropriated by singer 
institutions, some of which do not even rank with the better colleges. J 
'Between these* two extremes lie many of the State universities; for 
while some of these, like Wisconsin and California, belong distinctly 
to the former class , 1 there are others whose department of mathe- 
matics does not number on its staff a single mathematician of scien- 
tific standing, nor is it engaged in giving advanced graduate 
instruction. 

Among the strongest institutions are. to be* found certain of ’the 
endowed universities, some of which grew out of the colonial col- 
leges , 2 while others, of more recent origin, began with graduate de- 
partments , 3 

The older colleges of the country were founded by priijjte in- 
dividuals or religious bodies, and were originally to a greater or less 
extent denominational.' They are under the control of, self-per- 
petuating ilxitmls 4 of trustees. The State universities hfive been 
cr ated by the Shite legislatures, sometimes with the help of land 
grants from the National Government, and are under the conlrol 
pf trustees or regents chosen bv State authority. There is no central 
'organization or control, custom alone making the policies of dif- 
ferent institutions fairly uniform. 

jf>ver 30 coll epos amt universities in the United States offer graduate' work 
In mathematics, but less than 15 have given a doctor’s degree -in that subject 
within the lnst^flve years. The following 7A offer courses of an advanced 
character %nd report three or more gradual* students for the year 1908-0 \r 
Hryn Mnwr, California, Chicago, Cineiqamtl, Clark, Colorado, Columbia, Cor- 
nell, Harvard; Illinois, Indiana. Iowa, Johns Hopkins, Michigan, Missouri, 
Nebraska, Northwestern, Pennsylvania, Princeton, Leland Stanford, Syracuse, 
Virginia, Wisconsin, Yale. 4 

i The State universities dp not comprise all four faculties. Their strength Ilea chiefly 
In their 'departments of science. % - 

‘Harvard College was founded In 1036, Yale In 1701, Princeton In 1746, and Columbia 
In 1754, . \ 

■ * Johns Hopkins, opened for 'Instruction in 1876, and Clark University, opened f% 
Instructlon in 1880, had originally only graduate departments. Chicago, opened for%. 
Instruction in* 1802, had ’from the start both a graduate and an undergraduate department’. 

* Report ol Committee Xll, p. 20. * 




BEPOBT ON' THE TEACHING Of MATHEMATICS. 






| In recent years a number of Western States have made appro- 
priations increasing in a gratifying manner the budget of their 
State universities. One result of this change has been to strengthen 
scientifically the departments of instruction and in particular to 
make possible the offering of advanced work in mathematics. And 
t what has happened in one State may at any time happen in another 
in which civic ideals have reached the necessary st&ge of develop- 
ment. 

It would be a mistake, however, to think that the lines of demarca- 
tion fall between the endowed and the State universities; If it be 
true that the strongest universities of the country are in the former 
class, some of those of the latter now rank among the foremost 
universities of the country, am! with their increasing resources bid 
j fair, in case they can emancipate themselves from the evils of 
political influence, to rival even The strongest endowed institutions. 

The teaching force . — With the introduction of the elective system 
came the opportunity for professors, even in the smaller colleges,, to 
J offer some advanced work in mathematics. The result lias been 

| to create a demand for men better trained in their science, ami thus 

the quality of undergraduate teaching has been infproved. In the 
larger universities the question s^on arose ns to the desirability of 
dividing the force so Jh at sorng men would have only undergraduate 
work and others w wtfT H ^ gn y e exclusively graduate courses^ Wide 
such a division lias, in n few cases, been made, Jhe great majority 
of men in charge of the advanced instruction also give cojirses for 
I undergraduates , 1 The economic side of the situation need not be 
discussed here, since it is fairly obvious. It is, however, important 
to note that the system is one under which effective instruction both 
in advanced college courses and* * in courses of graduate grade has, 
j been, developed, for the instructor in an advanced course becomes 
| and remains sensible of the needs and the possibilities of his students, 

i It is true that some men with a keen interest in advanced work' 

find undergraduate instruction irksome; others, however, .find that 
it affords ft desirable variety in their work, and they vnlue the ^ 
wider acquaintance among the students which is thus rendered pos- 
sible. The chifcf difficulty ‘with the present system is- in the unduly 
large number of hours per week which th^ professor is called on to 
* give to classroom instruction, and in the administrative work with 
which he is burdened. W<\ shall return to these subjects presently. 

While some of the weaker institutions offer elective courses in 
mathematics far beyond the strength of the^tnff,* the inflation tends 
' to subside with a rea} strengthening of the department.* Moreover, 



T — — • 

‘ Cf. feport of Committee XU. pp. 22 and 42. 

• Report of Committee XII. p. 27. 

■ifctA, pp. 13 and 14. 
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through the system of alternation in the courses given, an^istruc- 
tor offering different advanced courses in successive years, a broad 
field is covered even when the staff is small. 

About half the instructors in charge of the advanced instruction 
have studied abroad, chiefly in Germany . 1 Of the main^ fields of « 
mathematics, analysis is more strongly represented than geometry, 
algebra, or applied mathematics. Indeed, a strengthening of the 
latter field is much* to be desired. But a premeditated separation 
of pure from applied mathematics has not takfh pluce, and there is 
apparent a well-balanced offering of coui'ses in the principal fields, 
so far as this is possible.* 

With the great increase of recent decades in the number of students 
attending the colleges and other institutions of like grade, there have 
arisen new administrative problems. In the absence of any central 
organization and with, conditions varying widely in different parts 
of the country, each institution has been obliged to work out its own 
solution. The work of the dean and of faculty committees dealing 
with such questions often falls to men who have proven themselves to 
be efficient teachers. Moreover, with the large amount of personal 
Supervision of the students common in American colleges, t^ie labor 
of administration in departments of mathematics numbering several 
hundred students is very groat. Such administrative duties have 
seriously interfered with the scientific work of AmA'icnn professors, 
and have not infrequently made it impossible for them to find schol- 
arly leisure for the enjoyment of their subject, without which the 
best teaching can not thrive. 

« If this is bad at the top of the ladder, it is even worse at the bottom. 
Many a young man fresh from his university studies begins his 
teaching jeareer with an exorbitant mimber of classroom hours -ffer 
week, only to find that the prize of advuncemenLin the institution at 
which he is located is more easily won bv the development of admin- 
istrative capacity than by the production of scientific papers of real 
value. It is true that these strictures do* not apply to the strongest 
departments of mathematics in the country. As is pointed out else- 
where, the demand for first-rate men is too keen and tli^upplv too 
restricted for it to seem best to these departments to puf young men 
of promise to such uses. Jhit between the really strong and the very 
weak institutions there is a wide belt of colleges, technological 
schools, and universities,' in which such practices are common. On 
theiother hand* it is not enough to develop only the exceptional men. 
There must be a large constituency of. men of good ability whose 
environment is such that they can develop the powers which nature 
and a good university training have given them. The interests of 
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true scholarship demand that the energies of these men should be 
conserved for teaching and so far as may be for research. The two 
things go hand in hand. The teacher who once comes to feel that he 
has his courses hi "final form, from that time 6n declines in the quality 
of his instruction It, is only through the inner satisfaction that 
comes from learning more of his science and if possible contributing 
something to its progress that he can keep his instruction fresh and* *- 5 ^ 
virile, and give to his work in the classroom the zest- that kindles 
a love for knowledge in the breasts of his students. 1 

t THE MASTER'S AND THE DOCTOR'S DEGREE. 

The requirements for the masteFs degree almost universally con- 
sist in at least one year's work beyond a bachelor's degree granted 
by an institution of good standing. The work must be largely in one 
"field, as, for example, in mathematics. But even as much us one-hulf 
may lie In a field more or less closely related, as, for example, physics, 
engineering, astronomy, or education, when mathematics forms the 
chief field. The work is tested by examinations, and a higher stand- 
ard must be attained than is ordinarily required of candidates for 
the bachelor’s degree. A thesis is often required, but it is not ex- 
pected that the thesis shall embody research by the candidate. 2 
Graduates of the weaker institutions of collegiate grade hit freely 
admitted to enrollment in the graduate schools of the leading uni- 
versities. But they are required to make up specific deficiencies, or 
otherwise to do additional ' work, before an advanced degree is 
conferred. ... 

In 1904 a committee reported to the Chicago section of the Ameri- 
can Mathematical Society on the requirements for the master's de- 
gree, with especial reference to conditions in western institutions. 
Their findings are summarized in the report of the Committee on 
Graduate* Work. 3 c 

For the doctor’s degree a distinctly higher ■standard is required 
and enforced. In all American universities of good standing it is 
distinctly a research degree. In several of the strongemmi versifies it 
has a standard at least as high as the best German standard. “ The 
requirements for the doctor’s degree in universities which have given 
it to any extent^during the last 10 years are tolerably uniform, 4 but 
in this matter so much depends on the unwritten standards of indi- 
vidual professors departments that there still remains a great 

*Cf. report of Committee XII, p. 56. 0 

• Ibid., 0p. 14, 3d, 54. The matter's degree la alao conferred a« an honorary degree 
under wholly different condition*. It la only the degree sg conferred “ In couree M which 
la here considered. 

■Committee JCII, p. 34. 

*Cf. report of Committee Xll, subcommittee 2, p. 86. 
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difference in the ease with which the degree can -be obtained at dif- 
ferent institutions. It is for this reason that the suggestion which 
is sometimes made that it would be well to attempt to formulate 
definite standards for the doctor's degree, to which the universities 
of the country should conform, seems to be of slight practical value.” 1 
It is fair to say that the requirements for the doctor's degree in 
mathematics in the stronger universities are: A bachelor*; degree, the 
ability to read French and German, 2 the equivalent of three years’ 
study in the field of advanced mathematics, certain requirements of 
“ minors,” and a thesis of substantial quality, embodying the results 
of the candidate's research. The publication of the thesis is obliga- 
tory in most 'universities. 

The time .for effect ire study, — We use the word “effective” with 
reference to both material ami intellectual .results. The appointing 
powers in our institutions of higher learning are well aware that a 
large part of, the instruction is given by young men oh small salaries. 
Except in the case of extraordinary success as an investigator or as 
a teacher, men who have reached the thirties are not culled to other 
. institutions. The reason is in part economic, lying in the fact above 
. referred to. If an institution is later to pay the increased salary of 
an advanced appointment, it wishes in a measure to recoup itself by 
also getting the services of the teacher at a time when these are less 
expensive. Ilence it is ih the material interest of the teacher to coin- 
, plete his university studies without interruption immediately after 
his college course, in order that he may find early the institution iu 
which he is to be advanced. 

Fortunately the material and the intellectual interests of the teacher 
are not in conflict at this point, for it is a fact that can not be too 
widely proclaimed that it is only in youth 3 that the successful study 
of mathematics with reference to scientific productiveness can be 
begun. ’ The teacher of 30 who has not as yet carried his study of 
mathematics beyond the college courses can, it is true, acquire useful 
knowledge and greatly improve his efficiency as a teacher by a year 
or two of graduate study spent at a mathematical center. But the 
days w%n it was still possible for him to prepare himself to con- 
tribute to the science have passed. Hence every effort should.be 
made by those who advise young men of distinct scientific promise 
to guard them against the dunget* of letting the early years slip by in 

teaching. ■ ■ 

How little the youth of to-day realize these facts is clearly brought 
out Jby statistics given in the report of Committee XII. 4 By far 


1 Cf, report of Committee XII, p. 14. 

» ItaUan mar alto be nedeMary. . 
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the greater number of the’ students who are doing advanced work in 
mathematics are supporting themselves wholly or in part by teaching. 
At a time when they should be devoting all their energies to securing 
for themselves the highest place among the future men of science 
which their native ability enables them to attain they sell their birth- 
right for a mess of pottage. Inspired bv the best of motives — the 
desire, now that they have arrived at the, years of manhood, no longer 
to be a pecuniary burden to their parenfs, who often have made great 
sacrifices to put them through college — they are ignorant of the fact 
that the opportunity which nature otfers them will soon 1 h» with- 
drawn if not at once laid hold on and exploited to the utmost. Thev 
see about them men who have risen to the highest college or university 
positions, but who have now, perhaps long since, ceased to do scien- 
tific work. If these men have still retained something of their youth- 
ful ideals pertaining to productive scholarship, they tell themselves 
and others that- administrative or classroom duties prevent them from 
continuing in scientific work. That they could resume such work 
again at will is taken for granted, and thus youth is still further 
misinformed regarding the fact's of nature. 

The career of leanring ami advanced instruction*. — In foreign coun- 
tries the career of college or university professor attracts the bes» 
youth of the nation. In England, in France, in Germany, no calling 
is more honorable and dignified nor does any more Mrongly incite the 
intellectually endowed to put forth their l>est efforts to secure its prizes, 
and to undergo if need he years of material privation in qualifying for 
the supreme tesl — that of scientific achievement. Among our people 
the prizes of this calling are not clearly discerned. We have no word 
that describes the career; for coUc.cje or university teacher suggests 
to the layman the .nurture of immature minds, not 4.1 le pursuit of 
knowledge and the rewards of discovery, close jKTsonal relations with 
gifted youths, and the fellowship of educated men. Moreover, the 
freedom of life which the college or university professor enjoys — the 
opportunity to do those things which are pleasantest to n man of 
strong intellectual life rind warm sympathies, with n minimum of 
drudgery — is not generally recognized in the community at large. 

•And so we must record the fact that in the United States the law, 
engineering, and business are powerful compel itors when the*yonng 
man cojnes to choose his profession. 44 The tendency so strong in 
our day and country to regard the man of action as being of nobler 
clay than the man of thought and ideas, reenforced by the much 
greater financial prizes open to the former, whether he be lawyer, 
business man, or engineer, creates a situation where it is-ntf teasy to. 
secure for mathematical study a due proportion of the strongest 
youth in our college communities.” 1 


1 Report of Committee XU, p. 12. j 
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We have said much that pertains to the training of teachers. We 
wish now to address a word to those who have to do with the appoint- 
ment of teachers. 

At the time that the modern movement in mathematics set in, 
three decades ago, many of the men who became leaders had at the 
close of their student days attained the degree of doctor of philoso- 
phy. It was natural that, as the nioyeinont spread, those institutions 
which wished to strengthen their departments of mathematics should 
look to men of sound scientific training and interest in research. And 
so it- easily June about that the doctor’s degree was accepted as 
standing for these things, and in soim w institutions it has been made a 
requirement for appointment or advancement. It is, indeed, highly 
desirable that the departments of mathematics lie manned by mathe- 
maticians who 'are thoroughly trained, are good teachers, and are 
actively infoivsted’in research. The fact confronts us, however, that 
while there is a small steady output of first-rate mathematicians, the 
supply of such men is far behind the demand for them. If many 
times the numlrer of men who now enter on the profession of aca- 
demic instructor were to choose, this field, it would still be possible 
for the capable youth to achieve success. 

• The result is that many detriments of mathematics, whilfe exert- 
ing themselves to secure men of first-rate scientific ability, find it 
impossible to make the appointments they wish. To justify the 
appointments they do make, the holding of the doctor’s degree by 
.the candidate goes a long way. Now, it is desirable that every 
student enrolled at a university that has a strong department -of 
mathematics Imj given' opportunity and encouragement to put forth 
his host energies in the uttenipt to do original work, and that he be* 
not discouraged if lie docs not at once meet with success. “ Til* 
present sharp differentiation' of college mathematicians into two 
classes, the holders of the master's and of the doctor’s degrees, is 
in rnimy ways a most unfortunate one. Many men have stopped 
with the former who are capable of proceeding much further. The 
committee wishes to record its emphatic bel ief that every man should 
be encouraged to study just as far ns his nbility and taste may 
qualify him,' without stopping at the line of either degree. Many 
*"a teacher without the kind of ability necessary for research can yet 
be encouraged to become a thorough scholar jn some definite line, 

instead of looking to administrative office as his career .” 1 

This is the niin which the departments of mathematics in the fieJoN^ 
of graduate work should have before them — to give to each student 
the best training he can receive for the work that he has the natural . 


' 1 Report of Committee XII, p. 66. 
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capacity to do. It is also their duty to help him discover what that 
work is; and in case, on fair tried, it becomes clear that he is not 
qualified for the work of research, to cedse to help him to obtain the 
doctor’s degree. The great stress, however, which the appointing 
powers in some colleges and technological schools lay on the holding 
of the doctor’s degree is subversive of the best interests of the future 
teacher. It has already led to the fostering of spurious research and 
set false ideals before men who might otherwise have become effective' 
teachers. 1 Nor can it be defended on the ground of difficulty in get- 
ting information regarding students available for appointment. A 
personal letter of inquiry stating what sort of appointment it is 
desired to make and addressed to the head or to a member of the 
department of mathematics at a leading university — a number of 
universities muintain a Bureau of Appointments for the purpose of 
dealing systematically with such inquiries — brings out a frank an- 
swer, for it is recognized that no one’s interests are served when a* 
candidate is appointed to a position which he is not qu ali fied to fill. 

In the case of the masters degree there exists a similar pressure 
from the schools. 2 This degree, as conferred by the stronger insti- 
tutions, has a fairly definite meaning. It does not stand for research, 
but it means proficiency in mathematics distinctly beyond the first 
course in the calculus, and it often is given on the basis of really ad- 
vanced tvork performed with higji credit. But it may well happen 
that a graduate student — for example, a school-teacher on leave of 
.absence — can profit more from a year of study made up in part by 
broad undergraduate elective courses, such as those described on page 
45, and including a course in physics or education. To make the 
program conform to the requirements for the master’s degree, the 
student must sacrifice a course adapted to his needs for one which 
it is beyond his powers to do profitably, or the standard of the degree 
must be lowered. Both alternatives are unfortunate alike for the 
student, the university, and the future employers of the teacher. The 
professor who advises the student regarding his choice of courses has 
in view the prograhi of study from which the student can profit most, 
and it is unfortunate when this program is seriously disturbed for 
the sake merely of obtaining a degree. 

It fs £elt by some that the instruction in our graduate departments 
is fashioned too much with reference to the needs of those students 
who are to devote themselves to research and too little yith reference 
to the heeds of prospective teachers.* . Both classes of students meet 
on the common ground of the courses of the middle group — under- 
graduate electives and first-year graduate courses. It is im{k>rtant 


1 Report of Committee Xlt, pp. 10, 17. 


• Ibid., p. 82. 


• Ibid, M*. 
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j that these courses be both broad and deep. There is no tendency to' 

go to the extreme of making them superficial, merely surveys of 
the field; but specialization both in content and mode of treatment 
should be guarded against in the interests of both classes of students, 
especially those "who will not pursue the study of mathematics at the 
university much. further. ^ 

y For the teachers in secondary schools and the smaller colleges much 
can be done through the summer schools/ As yet, 'with few excep- 
[ tions, the mathematics offered in the summer schools is of elementary 

' character, often consisting merely of the subject matter of the school 

- course. On the other hand, when professors of mathematics plan a 

:• cour.^ for school-teachers they ‘are often tempted to turn to the 

formal side — the axioms and philosophical questions. What is 
1 needed, however, is courses of substantial mathematical content, like 

the undergraduate electives described above, for without a thorough 
knowledge of the subject matter of mathematics teachers can not 
gain real power to improve their teaching. . 

While thVse are primarily questions for the department of mathe- 
matics offering rtie courses, so much depends for the efficiency of the 
[ * future teacher on the policy of that department that the appointing 

| powers will do well to cooperate with it in fts efforts to secui^f^j^' 

f each individual student the course of study best adapted to his needs. 

They can do this by basing their judgment of the training of the 
candidate on his course of study and his success in the course as 
attested by the men with whom he has worked, and not looking 
merely at the degree obtained. While they can not, ns a rule, go into 
the subjects in detail which have made up the course, they can ascer- 
tain the quality of the candidate as regards his ambition and his 
ideals, his industry and perseverance, the degree of his advance- 
« ment and his success in scientific work, and the direction in which' 

_his greatest strength lies. 

The above procedure is followed at the present time by the larger 
colleges, technological schools, and universities. It inay well be 
adopted by any institution which hi uhlo. to offer a position that a 
well-trained candidate will consider. 

CONCLUSION. 

Among the more important conclusions to be drawn from the . 
foregoing report on mathematics in the higher institutions of learn- 
ing, and the/cbminittee reports on which it is based, anPthe fol- 
lowing if ‘ 

The teaching of mathematics in the Colleges and other institutions 
of like grade shows progress, and the departments of mathematics 
in these institutions have their problems well in hand. v 
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There is increasing confidence and a spirit of cooperation between 
-the departments of mathematics and those of applied science as 
regards, undergraduate instruction. 

For the continuance of progress iru improving undergraduate 
teaching a much larger supply of well-trained men for the college 
staff in mathematics is needed. 

It is in the interest of good teaching that professors be not over* 
burdened either with administrative work or Vith clussroom hours. 
Moreover, improvement in these directions will muke the career of 
college professor more attractive and thus more men of the right 
* type will turn to this-career. 

.Advanced instruction, as given in formal courses and seminaries, 
is broad and thorough. 

A few of the strongest departments of mathematics offer oppor- 
tunities for research comparable with those of European^universities. 
Both the offering and the demand for such opportunities fall, how- 
ever, in amount far short of what one shoyld expect to find in 
America. 

There is, nevertheless, at the present time an opportunity for 
young men of first-rate scientific ability and aggressive scholarship 
to find in the university career a life work full of tilings that make 
for happiness — the enjoyment of productive intellectual activity and 
stimulating association with colleagues. 

That young men of this type are beginning to respond to the more 
favorabie conditions of recent years in the strongest universities is 
shown by the appointments made at these universities gnd by the 
output of high-grade scientific papers published in the leading 
mathematical journals, notably in the Transaction* of the American 
Mathematical Society , during the past decade. 
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APPENDIX. 


HISTORICAL SUMMARY OF THE WORK OF THE INTERNATIONAL* 

COMMISSION.* 

ORGANIZATION. ^ ^ \ 

The section on philosophy, history, uml Instruction of tlu; Fourth Inter- 
natlonnUCongresK of Mathematicians, held at Itumo. April 0 to 11,* IPOS, after 
listening to n series of rei»orts on the teaching of mathematics in. the prin- 
cipal countries, divided to submit to tlie congress a resolution to create an 
lntemationnl commission to make a general study of the progress of niutlie- 
inutlonl Instruction in the various nations.. The suggestion was indorsed by 
the congress, which at the meeting of April 11 adopted the following resol u- 
t Ion : 

, The congress, recognizing (lie imitortnnee of u a comparative examination 
of the methods and plans of study of the instruction in mathematics in the 
secomlnry schools of the different nations. oni|H>\vors Messrs,, Klein. Greeuhlil. 
ami l*'elir to* form ai^ Interim t lonn 1 commission to study those questions and 
present a general report to the next congress.” 1 

A central committee was Inter organized ns follows: President. Professor 
F. Klein, Gottingen; vice president. Professor Sir George Greenhlll, London; 
general secretary. Professor H. Fehr, Geneva. - . 

The committee began work Immediately, and at n meeting held at Cologne 
In September, 1D0S, adopted a preliminary rejwrt on the organization of the 
commission* and the general seoi>e of its work. 


THE DKl.rtiATlONH. 

The commission was formed by delegates* representing the countries whlct) 
had taken part In at least two of the International congresses of mathemati- 
cians with an uverage of at least 2 members. It was arranged that each of 
these countries should have nt least 1 delegate, and that those countries which 
lmd had an average of at least 10 members should have 2 or 3 delegates. 

The different delegations were invited to affiliate with themselves national 
subcommlssions comprising representatives of the various stages In the teach- 
ing of mathematics In the general schools, and also In the technical and pro- 
fessional schools. These subcommissions were designed to aid the delegates 


1 The next congress will be held at Cambridge, England, In August, 1912. 

1 In the English language a member t>f a commission la called a commissioner, and the 
American members of this commission hare so styled themselves. In French similar 


usage doe* not obtain, the French word commUflonairt hatilugjpii 
tng, Therefore In L'Entrtonement MathfmaUqvc, the official orgai 
the members***! though not delegated by tbehr several corn 
central committee, are called— faute de mieu*— 


T' 


_ lte a different mettju- 
organ of the commission, 
but appointed by the 
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In the elaboration of the' reports, and in the United States they became the 
t committees tfnd aubeonuulttees that furnished reports upon B|M?ciflc subjects. 

.. financial matters. 


As the Fourth International Congress did not furnish nny funds, the Govern- 
ments of the pnrtlclimtlm: countries were Invited to place at the disposition of 
their delegations n sum sufficient to cover the exposes of the delegations uml. 
of the national an boom missions and to contribute to tlie general expenses of 
the commission. 

V To provide for the general expenses of the commission (including notably 
excuses of the general secretary and the central committee), a fund was 
formed by contributions from caefe of the participating countries. Ia the 
United States there was no fund upon which the Bureau of Kdiicnthm could 
draw for such an Investigation, and so the work has necessarily- been carried 
on under great difficulties. Had It not been for the generous support of a few 
public-spirited men and Institutions, it would have been impossible to accom- 
plish anything worthy of the country, but by mentis of this support n series of 
bulletins has been prepared setting forth the work that Is done In our schools* 
Of the efforts of all those win) have come tod he support of the movement, the 
commissioners wish to express In this public manner theJr sincere appreciation, 

PUBLICATION OF REPORTS. 

* 

The question of the publication of the various American rejiorts was happily 
. settled through the cordial cooperation of the United States Bureau of 
tipn Through the encouragement and support of M-Commlsslonor Ulmer Ulls- 
worth Brown, J.U. t)„ now tlie chancellor of New York University, nnd of ills 
successor, Commissioner PUIImider r. Claxton, I.ltt. D„ It has been possible to 
publish the reports through tho bureau nnd to distribute them gratlH to all 
* who cared to ask for them. 

The commission has arranged with Georg & Co., of Geneva, to sell most of 
the foreign reports. Copies of the reports of the Apierlean commission may be 
obtained from tlie Boren u of Education, Washington. 

Besides this publication of the reports, a summary of tlie progress of the 
work has been given from time to time In tlie official American organ. School 
fi dence and Mathematic*, In the official organ of the commission, L'Enseiqne- 
ment Mathtmatique, nnd In (rther Journals. 



general aim 


OF THE COMMISSION. 


The general aim of the commission whh formulated by tho central committee 

qb follows: . ' 

To make an investigation and publish a general report on the pr&ent tend- 
encies of the teaching of mathematics 4n the various countries. 

It was decided that regard should be paid not only to the methods of In- 
Htructlon and course of studies, but also to the general scheme (organization) 
of studies, without, however, giving a complete historical development of the 
some. It was agreed that It wbb not the purpose of the commission to elabo- 
rate statistics. It. was urged that the work of the commission ought to make 
evident what are the general principles which should Inspire the teacher, rather 
than to seek uniformity of derails or to propose programs which should be 
adapted at the same time to the Institutions of the various countries. 


‘Address Georg et Cle.,.Edlteurs, 10 Corrsterle, Geneva, Swltserland. 
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ORGANIZATION OF WORIC- 

% 

In order that the Investigation should achieve results really useful to the 
progress or Instruction, tile central committee expressed the desire thnt all the 
delegates and tlielr national BUbcommlsslons collaborate actively and devotedly. 
The committee suggested that the principal points of the various reports be 
discussed at educational gatherings nnd In scientific societies that are Inter- 
ested In the progress of the teaching of mathematics. 

AJ though the text of the resolution of the congress at Rome mentioned only 
the teaching of mathematics In secondary schools, it was seen that, the alm'of 
these schools and the length of their courses vary so much in different countries 
that It was necessary to extend the work tP include the whole field of mathe- 
matical teaching fi'om the lowest stages to the highest. It was therefore 
decided that the commission should not confine itself to the Institutions leading 
to the university, but should' study - also the teaching of mathematics in 
technical and professional schools. Because of the growing lmi>ortnnce of 
these schools and of the new requirements which are continually made on 
mathematical Instruction, it was feit to be necessary to accord a large place 
to a i (piled mathematics. 


GENERAL PLAN OF TIIK WORK. 

The central committee laid out n general plan, for the work In the various 
countries, nnd this has been followed in spirit, If not In detail, by all who have 
taken part in the work. 

The plan contemplated not ohly the consideration of the present stnte of the 
organization and the methods of mathematical Instruction, but also the modern 
tendencies In the teaching of mathematics. 

‘Under the present stnte of the work ft was projtosed first to consider the 
various types of schools, giving a concise exposition of the various public Insti- 
tutions of learning In which mathematlcaV Instruction Is given and the aim of 
each school, Including schools for girls as well as for boys. 

The institutions were distributed according to the following classification : 

(а) Primary schools, lower and higher. 

(б) Middle schools or higher secondary. (lycfes, gymnosien. ronlschulen, etc.). 

(c) Middle professional sc^pols (technicn, etc.). 

{d) Normal schools of the various grades (seminaries for teachers, colleges 
for teachers, etc.). 

(c) Higher Institutions (universities and technicn! schools). 

It was thought desirable that thte* exposition should be accompanied by a 
schematic table giving a general view and making evldeht the succession and 
corresimndence between the diverse establishments and indicating* also the 
average age of the students, . 

The comml(te^>roposed next to consider the aim of the mathematical In- 
struction in general and In the various brunch* of the science. It was sug- 
gested thnt the question he studied for the various types ^of institution^, taking 
into account, whenever necessary, applied /inathematics, notably mechanics. 
2*he feeling was expressed that the aim^of .mathematical instruction varies 
necessarily in different Institutions, and thtfc it has undergone some transforma- 
tion in the course of the lapt decade. It may be purely formal, or formal but 
taking account of intuition'; It may also lay stress on logical development and 
the utilitarian side simultaneously ; or it may regard only the practical. Oa 
Qie other hjnd, the development of .the memory may be the principal aim, or 
contrariwise the development, of the mathematical faculties. 
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It was also suggested that there be dear statements of the braiichU of 
mathematics taught In the different tyi»etf of schools; the time allnted to these 
branches, the extent of the program, and the attention' paid to correlation be- 
tween these branches and applied mathematics ( Including mechanics) and 
physics. 

In recognition of the fact that the system of examinations lias a great in- 
fluence on the method of instruction, the suggestion was made that the charac- 
teristics of the examinations In each category schools should he concisely 
Indicated, particularly of those leading to ‘'cert Ideates Of maturity." to ** de’- 
. green,'* etc., ami that attention be given to the examinations of candidate^ for 
teaching, 4 

Under the topic of methods, t lie* sevcrn^mintrics wen 1 asked to report upnti 
the methods used, hi tlie various institutions, from the primary schools to tin; 
higher Institutions; the material of lust ruction. Including mathematical models; 
the use of uihiujhls, t-ex thunks. and collections of problems; the’untiire of the 
theoretical problems; the prdblems taken from' the applied sciences; find the 
practical work demanded of pupils, 

A re]>ort was also askmt for upon the question of the preparation of candi- 
dates for teaching, inchiding*ln Uu^msuission the diverse types of schools, ami 
0 the requirements domaiided by the scliool authorities with regard to Imih the 
theoretical 'and the professional preparation. * ✓ 

The second part of the Invest IgatUm. that having to do with the modern 
tendencies In the teaching of nmtlienmtles, the central em^alttee suggested 
he conducted on substantially the following out Him; 

' Section I. Modern Ideas Concerning School ( >rgn nizaihm,— Reforms in studies. 
New ty|K?s of schools. The question of coeducation of the two scVl*?C 

Section II. Modern Tendencies Concerning t lie* Aim of Instruction and of tin* 
Hranches of Stnd^s. ! , 

Aim of Instruction. — New branches or new chapters to substitute for useless 
topics of study ill tlie course, or those of secondary interest, but ivtaluetLby 
pure tradition or by routine. * 

Considering the rapid progress of mathematics and its applications ^hcvmu- 
nilsslon pmfMiHcN to take up anew the question. What are the branches «f this 
science that nre,nhlc to contribute most to general culture*,? Among the sub- 
lets which are now seeking a place In. the elemcutary programs may he men- 
tioned, on the one hand, the differential and Integral calculus, analytic g^unetry. 
certain notions of descriptive and projective geometry, and n # stmi,v df physics 
froln the mathematical i>olnf*of view. 

It will he useful for the Investigation to examine in what measure accohut 
ipny bo taken of these demands and that Jt establish what Is Jho necessary 
minimum of elementary geometry, descriptive and probative geometry, algebra, 
trigonometry and analytic geometry, the differential a'rni Integral cnleulfis, to 
-form n foqhdirtlon for subsequent studies. , , 

The same queshon arises for professional schools. What are tin* branches 
useful for the different careers? 

Section III. Examinations.— Projects for tlie transformation of tlie system of 
examinations or for their complete suRpression. 

Section IV, The Methods of Teaching.— Modern Id^ps concerning methods 
nt different stages of instruction and in different types of schools. Correlation 
among mathematical branches. Relation between mathematics and other 
branches Problems and pruetlcal applications; models a ud instruments. The 
use of manuala - « 

On Certain points of this Section, 1 Since 'the period of Pestnlozzl, 
psychological considerations have played an important rflle In primary educa- 
tion Urn for a generation they have been useful, in a certain mejyjure, In the 
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formation of programs for secymlnry schi*.!* It would be w©ll to examine 
wlmt nre the roKiilts of psychology uppllcnblo to the t«arUiu(p of uiatlieumUcB, 
and to wlmt degree they, nxe useful In the reform of this teaching. It Is 
advisable to exumlm* particularly* the role of the Initiatory instrm;Uou and the 
necessity that theoretical lusiructl.m be preceded by Intuitive liwtxuctlon- 
At what moment, on the. contrary, should purely logical eotmideratlous take 
the preponderance, for example, in the study of elementary geometry or in 
differential and integral calculus? ♦ 

*** ^ ^ 1 ryctical Applications. — Many schools have UovoLerf long discussions 
to the part \\*hlch should l>e assigned to considerations of practical ami expert- 
mental nature. ’ * 

rtM In elementary Instruction may be ifiemior.od, for example, paper folding, 
outdoor work, use of pimple instruments of measuring, observational geometry', 
etc.; practical calculating and approximations (degree of approximation, log. 
aritluus to different numbers of places, use of the slide rule, etc.) ; the general 
question of fern pits iu algebra, the more extensive use of cross-section imrM , r> 

(h) The quest Inu of mathematical laboratories lias binm agitaLed during the 
last few years. Wlmt has been doue in this matter and wlmt are the results. 
Mathematical models made by the pupils. The place of collect loim of models. 

What are the menus which will penult mathematics to be accorded a better 
1 -Inee in popular Instruction ftulvorsity extension), riace of .applied luiiklm- 
niatfcs in museums.. .Mathematical recroatlons. ' 

In general, the, moans, of reacting against the papal ar prejudices a gainst 
mathematics should be considered. 

3. (.’orrelntiou Aiming, the Different Mathematical Brducbea— It will be useful 
to examine hi wlmt measure the conventional limits which exist belweeu eer- 
tain subjects of purb mathematics, suiffi as algebra and geometry, oleuieutarv 
ami analytic geometry, and geometry and tri^noiqgyry, may he nmrffe to dis- 
appear. Not only the possibility t»f such reform should be Investigated, but 
rognijd should ttlRo b© paid to the'lueonveuleuces mid the dangers which may 
result. ’ 


It will he woll. further, to know the result of tho foHowlogjraiiaformaUoni 
which have been proposed or reexamined during the last f<*w years; 

(a) The placo of demonstrative geometry relative to algebra, (b) The * * 

fusion of irinne tmd solid ^metry. (c) The more Intimate union of. differ- 
ential and integral enlculua 

4. nebulous between Mathematics and Other Subject*.— in the cubic connec- 
tlon It will lw useful to examine the points of cnntact ■ whlel^exlst between 
mnthenmilcs and other subjects. Thus the relatione— (J ) with drawing ( K8 o- 
'Uetrlc, technical.. and ^rtlstlc) ; (2) with the applied sciences; (3) with the 
other scientific tranches "(physics, chemistry,- biology, geography, etc.); (4) 
with philosophy ; (!>) with the problems of dally life. 


These points of-cowtact are lni|)ortiint for practical education. It wlll sot 
be sufficient to study simply the iKissll.lIltles and the general desiderata : It Is 
necessary to take account of what Is now: being successfully done nnd of the 
dangers Involved. R’or example, those who desire n close relation between 
mathematics and physics should show exactly what geometric notions have a 
uhwt bearing ou physics nnd cite those problems of elementary physics Which 
require simultaneous linear equations, equations of the second degree In one 
or more unknowns, Irrational equations, and progressions. 

8. IUstorlcal^onsIderatlonM.— Demand Is being made that a larger place be 
accorded to the historical development of ma thema tics in what degree is this 

possible nnd desirable? ^ 

40811 ° — 12 5 • . ' j 
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Section V. The Preparation of Teachers. — What^are the conditions which n 
rational preparation of candidates for teaching Should fulfill? How are Ihe' 
theoretic courses and the practical preparation to be organized? 

The progress of teaching depend^irectly on the preparation of the teachers. 
This is a question of fundamental importaqee. ^TTje studies and the exigencies 
vary necessarily from one couutry to another; they depend much on the num- 
ber of candidates and the facilities at hand in regard to education. Conse- 
quently ‘the committee believes that R will be useful to take account of the 
reforms or the projects for reform which are now being considered with a 
view to bringing the training of teachers into conformity with modem condi- 
tions, not only for the personnel of primary and secondary schools but also 
for the university. 

This inquiry should touch notably: * 

(a) The mathematical work required of candidates.- 

(ft) Their Introduction to scientific research. 

(c) The best method of presenting theoretical and practical pedagogy (con- 
sidered as the science of education). 

(d) .The question of the sex of the teacher in dlffeVent school years. 

(c) Questions concerning, far example, the time to be devoted to the history 
of mathematics, the history oMhe teaching of mathematics, the recreatloual 
aide of mathematics, and general literature touching mathematical education, 
i The. central committee further suggested that in each of these sections there 
should be emphasized concisely, on the one hand, that which characterizes the 
proposed reforms and. on the other hand, what nre the dangers to be avoided 
and the objections which nre-made by those who oppose the proposed changes. 
It recommended the following as some of the fundamental questions which 
ought to be discussed : 


1. The desire to render instruction at :tive may detract from Its serious 
character — a result which would be disastrous ns much from the standpoint 
of the science as from that of the practical value of mathematics. 

2. A misconceived psychology might lead to an exaggerated use of the logical 

bases of mathematics, with an attendant, result of continued uncertainty on the 
part of the pupil. ' 

3, The results of neglecting the abstract side, which seems necessary to fix 

Indelibly In the mind the fundamental mathematical truths. ^ 

4, The danger <ff not realizing that geometry, os it Is ordinarily conceived, 
leads to results of a nntijre quite different from those which are furnished by 
algebra, and that a fusion of the two might be followed by the losSL*of some 
of^ the principal advantages of each .of these branches. The same for other 
subjects. • 

Still other dangers present themselves, dhd the commission holds that It Is 
necessary to examine nil. with care, so*Hhat only those reforms which lead to 
real progress may be undertaken. 

It was In the spirit of these general suggestions that the Investigation was 
undertaken and carried on in the United States. 
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Professor E. .1. Wllozynskl, The University of Chicago, Chlcag". ill, 
Professoj J,;. Hutchinson, Cornell University, Ithaca. N. Y. 

Profeadfr G, D. Itlrkhoflf. The University oHviaCbnsln, Madison, Wis, 

SubSbmmittcc S. Preparation of /«*fr«rf6r.v for College* Wl Vnirersitic*. 
Professor E. It. Van V leek. The University of Wisconsin, Madison. NVls.. 
Chairman. 

Professor II. E. Sluught, The University <if Chicago, Chicago. Hi. 
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Professor H, E. liawkes, Columbia University, New York, N. Y. 
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Absentia, tfork In, 6-191 /. XU, 32-31, 37. 
'TLffltuarial science, list of books, 8, IV/ J, VII. Otpa.7. t 
Actuarial {Society .at America, 8, ffl/, Vll, ret; speci- 
men examination questions, 67*70; syllabus ot 
examinations, (4-b5 

Actuaries, examinations, 8, 1911, VII, uV70. 

Adding machines, private commercial schools, 

4- 79JCV1. 27; secondary commercial schools, 

VI t 27. 

Adml&kin requtremants, colleges (or men, 7-m 1 , 

X, ipfi: 1A17; women’s oo lieges, 7-mi, X, 2$. 
Arivanraj established. $-1911, XII, 

T^cSes 01 ** for passing, to teach tn French 

Afiirahural and ^necnanlcal .colleges, teacher*, 

5- wj.lx, u ’ • 

Agrlttrtturtd high schools. . Qu Agricultural schools, 

secondary. 




m 




i Aid to students, 6-1911, XII, 25, 65. 

, Albany (N. V.) Shite Nornml College, ooureo in . 
qommorcint subjects, 

! Aljnril, agricultural secondary schools, 4-191 1, VI, 

’ i 12; Boston High School o( (’ommcrce, 4-191 i, VI, 

25; coeducational high schools. Eastern Stntos, 
it-lflif, III end IV. 49-50, Middle West, 16- 191 1, 

J 11 and IV, 55-67; mllegos and technological schools 
14-1911, Am. com., *1(>“47; commercial schools, 
secondary. 4-19U, VI, 24-25, 27-28; oourses eon** 
trtinlng, elementary schools, 19-1911, I and II, 

1 .14-13(1; elementary schools, nue<mon of, 14-1911, 
Am. com., 17-19; examinations, 8 , 1911, Vll, 
23-26, 32, 34-36, 38-39, 43-47; General Electric 
Co., last motion, 13-1911. I and 1L; 172; gliis’ high 
schools, 16-1911, IU and IV. 44»traductlon in 
early grades, 13-1911 , 1 and U, ltMtnodern 1 tend- 
enaes in teaching, lt-1911, V, n)> 20; private 
secondary schools, /d-Ifl/Vm and TV, 134- 135, 
schools. and colleges for hegr0es, I&-i9iL 
III and IV, 185r axwidary schools, Iff-ifU, TO 
end *V, 17Jfc 21-22, 24-28; study. 6,1911, Vll, 
19-20; technological schools, 9 - 1 S 1 L IX, 21-22; 
United States liHltaiy Academy, XX, 7* 
United States Naval Academy, JHtif, XI, 24 , . 

‘ - 77* .. „■ 
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Algorisms,. use of special, 1S-19U, I and II, 111-113. 

American commissioners, report, 11-1912 , Am. t om. , 
5-70. 

American educational institutions, schematic sur- 
vey. /3-/9//.I and II, 7-14. 

American Federation of Teachers of the Mathe- 
matical and the Natural Sciences, founding, 13- 
1912, VIII, 15*10. 

American Mathematical Society, activities. 13-1912, 
VIII, 10: definitions of entrance requirements, 
9-1911, IX, 14-15; recommendations regarding 
master’s degree, 6-1 9! I , X II , 34. 

\ American Nautical Almanac* Office, Influent'e on 
study of mathematics, 6il9!l, XII. 7, 

Anw^ans, study in foreign countries, 6-1911, XII, 

Amherst College, and college entrance board. 8. I9t / . 

' VII, 32; entrance requirements, x, 1911, VII. 15. 

Annapolis. See. United States Naval Academy, 

Apparatus, 6-1 911, XII, 32, 41, 

\ Applied science, higher education, 9-1911, IX. 5-u. 

1 Applied malhematicfl, 6-1911, XII, 27, 57, litMil. 

.Apprenticeship schools, New York Central lines, 

• Instruction, T3-19U. I and II, 173-177; purtialltst, 
13-1911 , I and II, 157; training, 13-1911, I and II, 
150-^57, 

Arithmetic, characteristic tnethdds of teaching. /.*- 
1911, l tod II, 117-120; commercial schools, 4-1912, 
VI, 15, 27; com mere lai, teaching. 4-1912, VI, 23-27; 
Education IJcpartmcrk of State of New York, 
course or study, 13-1911, I and II, 45-50; effect of 
school organisation on teaching, 13-1911,1 and II, 
83-84; elementary schools, 13-1911 , 1 and II,.VM’d, 
117-120, 11-1912, Am, coin., 14-17; examinations, 
8,1911, VIl, 43-44; examplesanrt problems, 13-1911, 

* I ou d II,’ 113-117; experiments in Horace Mann 

School, 15-1911 , 1 and II, 120- General EloetricCo., 
Instruction, 13-1911, I and ft, 171-172; girls’ high 
schools, 16-1911. Ill and IV, 44 * " Grubo method," 
13-1911 , 1 and II, 118; instruction in State normal 
schools, 19-1911, V, 15; method of instruction, 
13-191 1 , 1 and II , 30-42. 97-103; methods of ration- 
alization. I and II, 100-107; Michlganfltate 

^ Normal College, f 3-191 1, I and II, 83-84; modern 
tendencies in teaching, 12-19! 1, V, 19, 20; objective 
method of teaching, 13-1911, 1 and II, 4<H1, 

M03-100; private normal schools, 12-1911, V, 21; 

Jm ^relation to manual arts, household arts, and ogtt- 
'culture, 13-1911, I and II, 54-55; schools ami col- 

* leges for negroes, 16-191 /.III and IV , 184; seeflfraory 
schools, 16-1911, III and IV, 22: special methods 
for obtaining accuracy, Independence, and speed; 

* 13-1911 , 1 and II, 107-111; status in rural schools, 

13-1911 , 1 and II, 10; technical secondary schools, 
course, 4-1812, VI , fl; use of special algorisms, oval 
forms, and written arrangements, 13-19U, I and 
11,111-113. 

Arkansas, teachers’ certificates, 8. 1911, VII, G2. 

Army officers, training. See l: nlted States Military 
Academy, Ordnance School of Application, Coast 
Artillery fechool. 

Artillery* instruction, Fort Monroe, Va., 2-1912. XI, 
18-19, 

Associations, teachers’. See Teachers’ associations. 

* Astronomy, teaching. United States Military 

Academy, 2-1912, XI, 13-14. 

Astronomy and mathematics, 6-1911, XII, 8. 

Augusta, Mo., elementary schools, course of studv, 
13-1911 , 1 and 11, 147. 


Barnard, Henry, on the function pf teachers’ InslI- 
tutes.J 3-/9/ jf, VIII, 10. 

Baas, Professor, on mathematics at West Point, 
2-1912, XI. II. 

Boards of education, State, functions, 16-1919, VIII, 
23 - 23 ^ 

BofleMtaakes’s home problems, /3-/P//, I and II, 175 . 

Boston, promotional examinations, 8-1911, VII 02. 

Boston Girts’ Latin School, six-rears’ .course, 
19-1911, III and IV, 41-42. * . 

Boston High School of Commerce, method of teach* 
. Ing algebra, f./p/f, VI. 25, 

Boston University, ana college entrance board, 
fe/P//;VII,32. * 

Bowdoin College ^and college entrance board. 3-/9/ 1 , 
VgjL 32: entrance requirements, 8-1911, VII, 14. 

Brown, K. E., letter or transmittal, report of 00 m- 
6-i9ii,i. ' 

Brown College, and oollege entrance board, 9, /PH. 
VII, 33. L 


Bulletins, mathematVal, 13-1911, VIII. 11-12. 
Butler, N. M., on college entranco Iwanl exuminie, 
tldns, 8. 1911, VII, 31: on training uf teachers hi 
elementary grades, 13-1911, 1 andll, 152. 

C. 

Cajorl, Florian, reporf on the teaching and history 
of mathematics, 0-1911, XII, 20. 

Calculus, boundary between two styles of teaching, 
6-1911 , XII, 45; colleges and technological school'. 
14-1912. Am. com., 42; technological schools, 9- 
1911, IX, 22; United Stales Naval Academy, 
2-!9l2 ( XI 25, 

California, elementary schooLs, course of study, I3i 
1911, I and 11,82. * 

California, University of. establishment of certifi- 
cate system, 8. /9// , VM, 54. 

Carnegie Foundation for the Advancement In 
Teaching, 8, 1911, VII, 23; Influenoe, 1.1-1912 
VIII, 31-33, 

Cash register, use of. secondary commercial schools 
4-1912, VI, 27. 

Cayley, A., lectures on mathematics, 6-1911, XII, 
.21,30, • * 

Central Association of Science and Mathematics 
Teachers, influence in Middle West, 16-1911, 111 
and 1 V , 53 

Certificate plan, admission to college, 16^1911, III 
and 1 V^40. 

Certificate; high school, and entrance to oollege, 
8-1911, VII, 50-00; school, entrance to college, 
8-1911, VII. lo; teachers, 8-1911, VII.ttHB. 

See also under names of Stoics. 

Chicago, elementary schools, course of study, 13- 
^ 1911, land 11,147-148, 

Qikago,® Diversity of, Influence on graduate work, 
0-1911, vCII, 9; school of education, course uf 
study, 1G-1911, III and IV, 153-155, 

Church, iTofcssor.on mathematics at West I’oint, 
2-1912, XI. 10-11. 

C Inch mat 1, University of, cooperative system, 9- 
1911, IX 4142, , • 

City schools, organization, 13-1911, 1 and IT 81. 

City training schools, seventh, and •eighth grade 
■ teachers, 13-1911, I and II, 148. 

City unit, 13-1911, 1 and 11,81, 

Clark University, foundation for graduate work, 
0-1911, XI 1, 9. . , 

Class instruction, elementan' schools, 13-1911, 

1 and II, 138-139. 

Class time,' division, elementary schools, 13-191 /, 

I and II, 139-140. -* 

Classes, private secondary schools, 16-1911, III and 
IV, 130; Rize, colleges for men, 7-1911, X, 21. 
Classroom methods, colleges and technological 
schools, / 4-191 2. Am. coin., 44-45. 

Clubs, mathematical, 6-1911, XII, 371 51; 13-1912, 

VIII 15- III; 16-1911, III and IV, 34; coeduca- 
tional high schools, Middle West, 16-1911, III 
and IV, «l; private secondary school, 16-1911, III 
^ and IV', 104-1(0, 

Coast Artillery School, Fort Monroe, Va., courses 
of study, P-/flJJ^XI, 18-19. 

Coeducation, 6fi911 L XII, 11,24; private secondary 
schools,. /o-rP//, III and IV, 140-142; technical 
secondary echyols, 4-1912, VI, 1ft. 

Cqfducattonal colleges, teaching, 7-/P//. X, 27-30. 
Coeducational high schools. See High schools, • 
coeducational, 

College admission examinations. See College en* 
trance examination. 

College Entrance Examination Board, attitude of 
preparatory schools, 8- 1911, VII, 32;attitudeof the 
colleges, 8-IPtl, VII, 32-33; benefit to secondary 
schools, 8-tJll, VII, 9; cooperative efforts, 8-1911, 
VII, 9: definitions of subjects, 9-1911, IX, 14-15; 
examluAllon papers, 8-1911, VII, 29-30: exam* 
Inwsf 8-1911, VII, 28; finances, tf-M//,-VlI, 33: 
hlstoxy, 8-1911, VII, 28; method of reading and 
•grading ’papers, 8-/P//. VII, 81-32; plan of pre- 
paring papers, 8-1911. VII, 80-31; reports, 16-1811, 
1U and IV, 111; specimen examination questions, 

• 8-1911, VII, 34-39; statistics? 8-/P//, VIL 33-34 


17^19; recommendations as to ’Improvements. 
8-1911, VIl, 19-21; specimen papers, 8-1911, VII, 
22-27* 

Set alto « Met flames of cottqet and unlveriiHe*. 
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College entrance requirements, 16-191! , III and IV, 
22-30: by certification, 8-1911, VII, 50-00. 

See a/so Entrance remi Ireraents. 

Colleges and technological schools, elementary 
mathematics, 14-1912, Am. com. r 40-45. 

■Colleges and universities, coeducational, teaching, 
7-J 911, X, 27-30; correspondence work, 1G-1911, 
III and IV, 181-W2; degrees. See Degrees, en- 
trance by State examinations, 8-1911, VII. 40-50; 
entrance bv school certificates, 8-1911, VII. 16: 
entrance examinations, 8-1911, VII, 7-8; final ex- 
aminations, 6-19//, X ll, 40; instruction, nmnl>cr 
of hours per week, 6-1911, XII, 42; mathematical 
clubs, /3-/9/A VIII, 15; quest ionnatreifent, fl-19//, 

IX, 11-13; technological departments, study. 
9-/9//, IX, 34-44; undergraduate work, 7-1911, 

X, 1-30 * 

Seeulto Universities. 

Colleges for men, admission requirements. 7-/9//, 
X, 13-14: amount of teaching, 7-/9//, X, 21; class- 
room methods, 7-/9//, X, 19; department of 
mathematics, organization, influence, and work. 
7-/9//, *X, 9-13, 17-18; deieftnination of final 
grades, 7-1911, X, 20; elective system, 7-/9//. X. 
18; independence in problem work, 7-/9//, X, 20: 
laboratory methods, 7-/9//, X, 21-22; mechanics 
and descriptive geometry. 7-1911, X, 12; noi'm of 
collegiate requirement, 7-/9/ 1, X, 16-17; pedagogy 
of mathematics, 7-/9//, X, 23-24; permanency in 
position of teachers, 7-/9//, X, 24; preparation of 
teachers, J-1911, X, 22-23: present tendencies. 
7-/9//, X, 22; programs of elementary Curses, 
7-/9//, X, 19-20; quality of preparation, 7-/;;;, 
X, 14-15; separation of engineering and non-engi* 
neering^tudents, 7-/9//. X, 12; sire of classes. 

7 -/9///Xy 21 ; undergraduate* elect ive courses, 

•7 -mu, X,>17; undergraduate required courses. 

7- /9//, X./K-IO; undergraduate work, 7*1911, X, 
7; use of models, 7-181 h X, 21. 

t’ollefees for women, organization, curriculum, and 
methods of teaching, 7-/9//, X, 24-27; prcpulhition 
of teachers, 7-/9//, X. 27. 

C olleges of education, aim of, lt-19tl, V, 8. 
i’olorodo, teachers’ certificates, 8-1911, VII, 61. 
Columbia University, entrance requirement In 
mathematics, 8-1911, VII, 15-16. 

Commercial schools, private secondary, teaching, 
1-1912, Vt, 23-26; secondary, examinations, 4^/9/A 
VI, 2iV-27, geometry, 4-19L2, VI, 28, methods of 
teaching, 4-1912 VI, 27-28. preparation of candi- 
dates for teaching, 4-1912, Vi, 98-29, teaching. 
4-1912, VI, 21-29. 

Committees Land II. mathematics in Ihe element- 
ary schools of the United States. 13-/9//. 1-185. 
Committees III and IV, mathematics In the nubile 
and private secondary schools of the United 
States. 16-1911, 1-187. 

Committee V, training of teachers of elementary and 
secondary mathematics, 12-1911. 1-23. 

Committee VI, mathematics In the .technical 
secondary schools In the United States, 4-1912, 
1-36. 

Committee VII, examinations In mathematics 
other than those set by the teacher for Ills own 
classes, 8-1911, 1-72. 

Committee’ no. VIII, Influences tending tn Improve 
woyk'.of the teacher of mathematics, 13-1912, 
1-47. ' ; 

Committee IX. mathematics in the techn^pglcal 
schools of collegiate grade In the United States, 

8- 1911, 1-44. 

Committee X, undergraduate work In mathematics 
in colleges ofllberal arta^nd universities, 7-/9//, 

Confi lttgft XI, mathematics at West Point and 
Annapolis, 2-1912, 1-25. 

Committee XII, graduate work In mathematics In 
universities ana In other Institutions of like grade 
In the United States, 6-1911, 1-63. 

Carets methods, teaching, 15-1911, 1 and II, 140-' 

Connecticut, teachers’ certificates, 8-1911, Vlt, 61. 
Cooperative system, Lewis Institute, Chicago, III., 

9- 1911, IX, 41; University of Cincinnati, 9-/9% 

IX, 41-42. - 

Cornell University, entrance requirements In 
mathematics, 8-lilt, VII, 15. 

Correlation, mathematics with other subjects, 
4-161 J, VI, l(Ml: P-/9ff, IX, 18-21, V7; 12-1811, 
V, 17; 16-1911, ifl a ajt IV, 16. 48; 4-1912,- 

" VI, 30-21. 


Correspondence courses, 6-1911, XII. 33; for gradu- 
ates, Chicago University, 6-1911, XII, 32. 
Correspondence schools, best type, 13-1911, I and 
II, 100; private, teaching, 16-1911, III and IV, 
177-182. 

Count y-t*oard of education, function and powers, 
, 13-1911, I and II. 79-m. 

founly school, organization, M-/9//, I and II, 79. 
Courses of study, 6-1911, XII, 13— .4, 20, 2tV-30; 


arithmetic. Education Department of New* York 
State, 13-1911, 1 and II. 45-55; toys’ high schools, 
Teat ion ai 1 ’ 

id^wi 03 


16-1911, III and IV, 37-38; co«h Ideational high 
schools. Eastern States, 16-1911, III 43- 

51, l’nclflc (‘oast, 16-1911, III 70-71, 

Southern States, 16-1911. Ill and^wT 1*3-04, 
changes needed, 13-1911, 1 and II. 166; Coast Ar- 
tillery School, Fort Monroe, Va.,f-/9/?, XI. 18-19; 
colleges and tocluiological schools. 14-1912, Am. 
com., 41-47; commerce, 4-1912, VI, 29; correspond- 
ence work, colleges and universities. 16-1911, III 
and IV, 181; elementary schools, arrari cement. 
IAtJ9I2. Am. com., 25 r California. 13-1911, I and 
H, 82. city course, /.1-/9//. I and II, 55-64, Euro- 
pean influence, 15-1911. I and II, 130-131. general 
■content bv grades, 13-1911, I and II, 18-32, influ- 
ences affecting, 13-1911, I and II. 32-33. State 
course, /J-/9/Z, I and II. 45-55, tendencies as to 
content, 15-1911, I and II, 32-33. Engineering 
School, Washington Barracks, D. (\, 2-1912, XI, 

14- 17; evening tecluncal school*. 16-1911, III and 
IV, 174; gtrl.Vhlgh schools, 16^1911, III and IV, 
42-45; graduate, teaching and history of mathe- 
matics, 12-1911, V. 11-13; high schools, J3-191I, I 
and I Izl 64— 166; independent technological schools, 

9 /9///IX, 2S-30; tn each tvpe of school, 13-1911. 

I and II. 85-89; lack of uniformity, seventh and 
eighth grades, 15-1911 , 1 and II. 131-133; mechanics 
and aitronomv, United States Military Academy, 
t-191t, XI, 13-14; mixed mol hematics, 16-1911, III 
and IV, 1.53-155; New York State, li-1912* Am. 
com.. 14-15; Ordnance School of Application, 
Sandy Hook, N. J., 2-1912, XI. 17-18; primary 
schools, Tennessee, 15-1911 , 1 and 11,81-82; private 
secondary schools. 16-191 /.III and IV ,122-123. 132- 
135; programs* 7-/9//, X, 19-20; rural schools. 13- 
1911,1 rfhd II. 71; schools and colleges for negroes, 
16-19! 1 , III and IV, 183-184; second a^ schools, 
H-1912, Am. com., 26-30. 16-1811, III and IV, 

15- 16, length, 16-1911, III rtnd IV, 12; secondary 
technical schools, 4-Z9/5, VI, 8—11; State normal 
schools, 12-1911, V, 16-13; six-vear high schools, 
/ff-/9//, III nnd IV, 86-87, 93; Technical secondary 
schools, 4-1912, VI, 18-19; technological depart- 
ments of colleges and universities, 9-1911, IX, 36; « 
technological schools, 9-/9//, TX, 16-18; typical 
elementary schools, 15-1911, I and II, 33. 44-64; 
undergraduate elective, 7-/9//, X, 17; undergrad- 
uate required coupes, 7-/9//. X, 15-16; unifies- • 
tton, 9-1911. IX, 21-22, 37; United States Military 
Academy, t-1912, XI. 7-10; United States Naval 
Academy, 2-1912, XI, 24-25; women's colleges, 

7- /9//, X, 24-27. 

Courtis, 8. A., on principles underlying the coune • 
in mathematics as studied tin the Detroit Horqe 
and Day School, 16-1911, III and IV, 147-150; on 
standardized tests, 15-1911, I and II, 91. 
Curriculum. See Courses of study. 

. D. 

Dartmouth College, and college entrance board, 

8- /9//, VII. 32. * 

Degrees, bachelor’s, variety-, 7-/9//, X, 9, Instruc- 
tion in mathematics forty years ago. 6-1911, XII , 

7; doctor’s, 6 - 1911 , XII, 7, 14. 36-U, $4, conditions 
of ra&tricuuitlan, 6 - 1911 , XlI,TW. courses, (T-/9//, 
XU, 38, fee. 6 - 1911 , XII, 37, 40„ final examina- 
tions. $- 1911 , XII. 40, language requirements, 
6 - 1911 , Xli, 38, minor subjects required,, ff-/P/i, 
XII, 39-40, number granted, 6 - 1911 , XII, 25, 41, 
preparation for research, 6 - 1911 , XII, 36-42, thesis, 
6 - 1911 , XII, 40, time element, 6 - 1911 , XII, 88; 
heliaby teachers of mathematics. 7 - 1911 , X. 8-9; 
maflli 3 *. 6 ^ 1911 , XII. 7, 14, 20, 65, number given, 
6 - 1911 , XII, 26, 33, requirements, 6 ^ 1811 , XII, 
32-36, 14 - 1912 , Am com., 54^66, 57-69; techno- 
logical schools, 27. * 

Denominational schools, private secondary , 16 - 1911 , 
III and IV, 118* 

Departmental management, girls’ high school* 
16 * 1911,111 and IV, 4CM1. 
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Departmental system, .evening technical schools. 

16-1911, III and IV, 175. 

JV f>artmeiitaJ teaching, 13-1911 , 1 and II, 141. 
Detroit Home and Day School, principles under* 
lyln|;^courae ^Courtis), 16-1911 , III and IV, 

District organization of schools, 1S-1911,1 and Tl, 80. 
Draper, A. 8., on training of teachers for elementary 
schools, 13-1911 , 1 and II, 150. 

Drawing,- fundamental relation to geometry, 13- 
1911, land II, 1W; girls’ high schools, 16-19) 1, III 
* and IV, 43. 


Echols, Professor, on mathematics at West Point, 
3-191 1, XI, 11. 

Education, nonpubltc agencies, 13-1911, I and II, 

12— 13. , 

Educational Alliance,' New York City, 13-1911 
Iqndll, 71. 

Educational institutions, American, schematic sur- 
vey, 13-1911, 1 and II, 7-14. 

Elective courses, high schools, 16-1911, III and 
. IV, 13; Influence on graduate work, 6-1911. XII, 
1M0; men's colleges, 7-J9/f, X,18; undergraduate 
f+W9/f, Am. com., 45-47. - ^ 

Elementary course, influence of completing, 13-191 1 
I and II, 129. 4 

Elementary education, aifn (II an us), 13-1911 , 1 and 
II. 16; aim (Thorndike!. 13-1911, I and II, 15; 
definition of term. 13-1911, 1 and II, 127. 
Elemqnlary grades, purpose of algebra, 13-1911, 
I ancTlI, 134-136. 

Elementdry schools, aim and organization, 13-1911. 
I and II, 15-16; algehta, courses containing. 13- 
1911, I and II, 134; arithmetic, 13-1911, I and II. 
36-42; California, course of study. 13-1911 , 1 and II. 
" 82; class Instruction, 13-1911, 1 and II, 138-139; 
class time, dlvfcion, 13-1911, I and 'll, 139-140; 
concrete methods of teaching, 13-19! ], I and II, 
140-141; course of study, 13-1B1T', I and II, 15^33, 
85rf9, 130-131; examinations, /3-/9/i; I ahd II, 
3F36, 72-74, 89-92, 136-138; grados one to six,. 

13- 1911 , 1 and II, 0&-78; grades seven and eight 

13- 1911 . 1 and II, 127-142; Indianapolis, course o! 
study in arithmetic. 13-4911. I and II, 55-64; 
Influences affecting whole course of at udv, 13-191 1 ' 
I and II, 32-33; InstruetioA, 13-1911, 1 and jl, 
1-185; Internal organitation, 13-191 I and nr, 
81-83; lack or* uniformity, seventh and eighth 
grades, 13-1911, 1 and II, 131-133: mathematics, 

14- 1913, Am. com., 14-25; methods employed in 
teaching, t3-19ll, 1 and II, 93-120; nature or pro* 

, motlqn, 8*1911, VII, lo-U; organization and gen- 
eral relation, 13-1911 , 1 and II, 78-85; preparation 
of teachers for grades one xo six, 13-1911, land II, 
120-126 preparation oi teachers for grados se wn 
and eight. 13^1911, 1 arid m 144-152; question of 
examinations from thfenolnT of vtow' of the school, 

13- 1911 , 1 and II, 80-&; recommendations for a 
teaching course, 13-1911 , 1 and U, 43-44; special 
Wnds, 13-mt, 1 and II, 153-181; supervision Ad 
Inspection, 13-1911 VIII, 25-26; • Tenneosee. 

r coupe of studv, 13-1911 , 1 and II, Bl-82; training 
and Quallfl cations of teachers, 13-1911 , 1 and II, 
-42*44; typlctfl courses of study, 13-1911 , 1 and II, 
a 38, 44-64: undergraduate rfrofessional preparation 
- for teaching. {*-1911 V, To-ll; written examina- 
* Uons, 8-191 f, VII, X2-f4. . 

Engineer School of A ppl leatlcm/ Wash IngUfl TW- 
; tacks, D. C., organisation and work, 3-1913, X4. 

14- 17. ^ * J * 

“sfi 

PU cooperation between depsefraent qf mathe- 
matic colleges and technological schools. 14-1913 , 
Am. com,, 8-44; students, 7-1911, X; 12, 9 - 1911 , 
IX, 29-30: study, Washington Barracks, D. C\, 
3-1913, XI, 14-17.* * w 

jStt tap Society for the Promotion of Engiiftertng 
Education. . t * \ 

Entrant fequfoenmnta, ooUegee and technological 
fchmds, 14*1918, Am. commit In dependent tech- 


Equipment, 6-1911, XII, 32-41. 

European cunicuia. influence, /3-/9//,.T and II, 130 
Evanston lectures, by Kleifi, 6- 191 1 X 1 1 , 22, 30 • 
Evening schools, supported by public funds, list. 
13-1911, I and II, 157-158: technical, Instruction. 
16-1911, III and IV, 170-177. 

Examinations, 6-1911, XII, 31, 48; actuaries, 8-1911-, 
VII, 63-70: American colleges, 8-19U, VII, 22-27- 
boys’ htep schools, 16-1911, III and IV, 38-39; 
Anal, colleges and universities, 6-1911, XII, 4f): 
coeducational high schools, Middle West, 16-191 1 1 

ITT Ati/I f to fn n in. * ** . ^ * • *-* / 


schools, 16-1911. Ill and IV*. 45; independent tock- 
nolcyical 'schools, 9-1911, IX, 30-31 New York 
State Education Department, 8-1911, VII. 40-50- 
other than those set by the teacher for his own 
classes, 8-1911 VII, 1-72; private secondary 
, schools, 16-191 III and IV, 138-146; secondary 
schools, 18-1911 III and IV, '30-33, 109-111; State 
colleres and universities, 8-1911, VII. 40-50* Staio 
and local, teachers, 8-1911, VII, fio-62; state dbr- 
mal schools, 13-1911, V, 18; technical secondary 
Schools, 4-1913, VI, 1 ( ; technological schools. 
<M.W, IX, 23-24; I'nlu-d 8tatcs Villiary Arad! 
em.v l-ISlt, XI, 12-13;. United States Naval 
Academy, 3-191S. XI, 22-24; Washington Car- 
recks. D.,C., 3-1913, XI, 17. ■ 

,See auo College entrance examinations. 

F. 

Fcflowshim, use, 6-1911, XII* 52.* , 

Field work, trigononietry or surveying, State nor- 
mal 9chools#f2-/$//, V, fip. 

Financial aid, students, 6-79//, XII, 25. 55. 

Flske, T. S., on Question papers of College Entrance 
Examination Board, 16-1911, III anti IV*, ill 
Foreign lectures, 6-1911, XIL 30. 1 

Foreign study, 6-1911, Xil/S, 1W». 

Formal dBcipUoo, -doctrine, 13-lSftl, I and II. 12S. 
France, lycdcs, necessity for passing agnjgotiim to 
teach, 8-1911, XII, 48. 

Francis W. Parker School, Chicago, HI., algrbraand 
geometry, 16-1911, III and IV, 161-163. 

French, J. S., miftcation of elementary mathe- 
matics, 16rl9Tl, III and TV*, 150-152, 

Frifse, President on admission # of students to 
college by certification, 8-1911, \U, 50-52. 


Oeneral Electric Company, instruction In math^ 
matics, 13-J9tl, I and II, 171-173. 

Oeometry, £/$//, VII 20-21; agricultural second- 
ary schools, 4-1913, VI, S?; cocducat ional high 
schools, Eastern States, 16-1911. IlTand IYTlfl. 
Middle West. 16-1911, III and IV, 67-38; collage* 
and technological schools, 14-1913, Am. com,, 45- 
46; colleges for men, 7-/9//, X. 12; elementary 
schools, introduction; 11-1913 , Am. com., 19-20;' 
examinations, 8-1911, VII, 32, 3G-*. «, 47-49; 
fundamental relation to drawing, is-t9li, I and 
JI, lflfc girls’ high schools, 18-1911, III aid IV, 
44-45* in the grades, 13-1911 , 1 and n, 13& intro- 
duction in early grades, 13-1911, I and n, 17: 
modern tendencies, 13-1911, V, 19. 20; pianp. 
OeDenFEiedtric Company, 13-1911 , 1 and if, 172* 
titivate secondary schools, 16-191 1,m and TV, 134- 
SSlwfcJ 63 ’ “*** for negroes, 16- 

1911, Iu and IV, 185; secondary commercial 
»chw. *-/9ff t VI, 28-29; secondary echbols, 16- 
t9lf, III and TV. 17, 20-33; specimen examine* 
tip papers S-19fl , 75, 221 27; technological 

scboou,9-/9//, IX, 21-22; United States Military 
Academy, 8-/9/I, XI, 7; United States Navi 
Academy. 3-1913, XI. 24. • « 

Oerman influence. 8-19TLXB, 8. , 

gfob*. J. W, f foreign study, 8-1911, XII, S. 

Ooujd, B. A., fdrelgn study, 8-1911 , XU. 8. 

Opld, Maly, Yaport on coeducational high achoota 

taffy B«t ( 16-1911 m TV, 48-50. 


> mmi. urwnauitini at, cwvjj. 

13-191L | and IT, 136; one te 
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Grading, marks, 6-18)1, XII, 31; private secondarv 
sctioot*, 16-1911, III and IV, 131-132. 

Graduate students, 6-1911, 10-12. 23-‘,if i . 

Graduate work. and>ODdergraduat* work, distinc- 
tion, 6-1911", XII, IV, 14; at the present time, tf- 
1911, XII, 10-12; development in the WcM , 5- 
1911, XII, V; distinction from undergnwhiate 
work,S-/9//, XII. 11, H: growth. fi-MI, XJ1. 24- 
25; historic sketch, $-1911. XII, 21-22.' 42-44; 
In the past, $-1911, XII, 7-10; time gn>n hv 
faculties, $-1911, XII, 30, 42; university anil 
institutions of like grade, 6-1911, XII. 1 -<‘>3 , 
i) rad nates,' high school , training In State normal 
* schools, 19-1911, V, 10-17. 

Graduation, requirements, secondary schools, 8- 
1911. V 11.8. 

“ rinibe method.*’ arithmetic, 13-191 1 , 1 and II. 1 m 
Gunnery and ordnance. Instruction, United States 
Military Academy. 9-1919, XI, 14. 


Instruction, advanced, organization, 6-1911, XII, 
12-L5, ideals of materia] development, 9 1911 
1 X , 4344; Onlnance Sc hool of Application, 
Sandy Hook, J., $-1919, XI, IS; purpoew, 
i $-1911, XII, 12; redirection of educational aims 
j (Slocum) 9-1911, IX, 41. State supervision and 
inspection, 13-1919, VIII, 21-'3.l; technological 
departments or colleges and universities, 9-1911, 
two-hour svMom at Harvard University 
( Ikintingion*. 9-1911. IX. 40. 

Instructor's,* college and imiversitv. preparation, 
.0 19tt.XU.u-r\. 

| Interest, doctrine of. in training of will, 19-1911, I 
i and II l&. 

' International commission, historical summary. 
14 -1919, Am. com . r.i-ui; otlyvrs and members 
of Committees, rt-i9H„Sm. coni.. fiS-7t*. 
International Mathematical Congress, meeting 

fi 1911 XII, 22. 

Iowa, teachers’ certificates. A- 19! 1 , VII. Cd. 

*- 

1 1 an us, FauL aim of elementary education, 1 6- 1911. J 5Tm S J* 1 c,irriou ’ 

Harvard University, and college entrance l>oard. 8- i J J v n 'u ^ J ’ ln ^ ueD08 011 Rraduate 

! Si!: m.nd : iv n »»f | j 7l «« viii. «.■, 

dent Pierce, 6-1911, XI1I7; mathematical club* . mathematical. list. 16-1919, \ III T U-12. 

/ 5- 1919, VI II.. 15; preparation of teachers for high I w 

schools, 16-1911 , III and IV, 80-81: specimen ex- 
amination papers, 8-1911, VII, 22-24. Kinderrerteu, influence, 1S-I9I1, I and II, 72' 

High schools, alms, 16-1911, HI and-lV, 34-36; and ! Instruction, 13-1911, 1 and II, 65-67. 
universities, IC-imt. UIandIV,53: boys.orpanl- Klein, Felix, lectures. 6-78/7, XII. 22. 30; on two 
sation and curriculum, 76-/9//, III and IV. 34V-39; V/j systems of mathematkaJ thought and develop- 
coeducadonal.organizationandcurriculum. East- 1 ment,p-/9//. IX, 21. 
era States, 16-1911, III and IV, 47^51, Middle 

West. 16-1911, III and IV. 51-62, Paclficcoaai, * 

1911, 'll\ and IV, 67-75, Bou IhernS tales, 16-19H. 

Ill and IV, A2-06; commercial. See Commercial 
schools, secondary; entrance to college by certifi- 
cation, 8-19U. VII. 50-410; evening, development. 

Ill and IV 170-171: rirb. organization Lecture system, 6 - 19 U, XII, 12-13, 30-31, 48; sup- 
and curriculum, 16-191 1. 1 M and IV, 30-47, Read- | t? ,»• , vn *n m ’ 1 

Ing, I’a , outline of r 


Laboratory methods, colleges for men, 7-1911. X* 
21-22. 

lAt>oralory wprk. mensuration 1 , State normal 
schools, /M9//, V.2U. 

LActure svMem, 6-791/, 1 

p lenient to. t>-i9it, XI1.50-W. 


7^4 \v ' °i ^o^udy ^/W/ in Lewis Institute. Vhiraco,’ 1 11., cooperative system, 

. U .i IX. 41; work, 16-1M. IITand IV, 175-176. 

i COQWbutioi “ ,rom 

i ’ pectacn «“""“<•«> w*. «-»«». 

pro *T RSS ’ i Lyom', FnuKf. tcachln*. e-I>ll. XI I,«. \ 

16- 1911, III and IV,* 14-30: six-year, appro xima- 

tiona, 16-1911. Ill and IV, 88-92. hihllomphr. t itf. 

i a. t Oi t 7 1 1 IV n i i Lt * l 


/#-/P//.HI and IV, 94. organization and curricu- 
lum. Jff-/9//.HI and IV. 83-94. % 

. fire aim Secondary schools. 

- plgber education, applied science, 9-1811, IX. 5-41; 
mathematics, 14-1919. Am.com.. 40-60. 

Horace Mann School, experiments in teaching art th- 
'motic, 16-191 1, I and II, 120; grading, iS-ltfli, I 
and if, 83. 

Household arts, relation to arithmetic. 16-1911 , 1 and' 
II. M* 

Hull House, ChteagojTS-fP/M and 11.71. 
Iluntlncton, 7L V., The twodiour system at Har- 
vard Uui\*orslty ) 9-1911, IX, 40. 


^Wndlanapolls. domentary schools, course of study in 
^ arUHtneUc, 13-1911, l and II, 66-64. 

Induction and deduction, teaching, /3-/I//, I and 
II, 141-142. 

Thdustrial changes, In U hi ted States, >3-/0//, I and 
‘ II 89-81, 

Industrial edueatioo, and Y. M,*C. A., 13-1911, X and 
II. 158; cultural, /5-/6/J , 1 and II, 161-102; puhllc 
schools, iS-lBll, l and II.16(M70t public sohoola 
and kwal indulges, /$-/«/, land 11^188. * 

Set aim Vocational industrial work. * 
Industrial sohook, corpora Uon$ 13-1911 , 1 and IX. 
• 170-177; Intermediate, instruction, 13-1911 , 1 and 
II* 1M-155;. eertndary and intermediate hade, 
edmisslon requirtment 3,4-titi, VI, 32-36; Wh- 
. t «*. , I and II, • 178-IS1. ^ 

IndtutrW work,! nriatian ofmatbemaitos, 13-I9tt. 

I and U. 16t-l«, , * 

Indiistrlamm, eff^i of, 4n^ 


McKinley High School. 8t. Louis, Mo. . engineering 

' tinh, III and IV, 61; mathematical club 

/6-/S/UI1 and IV. 34. 

Maine, tparhers’ certificates, 9-1911 , VII, 61: town- 
ship unit, JJ-/P//, I and 11,81. 

Jlarkine.C-r.9//. XII. 31. 

missachiiMtta, teachers’ cerllflcates,3-/0//, VII. 61; 
township unit. 13-1911 , 1 and II. 81. 

•MamarhuttttS'Institute of Technology, and ooOege 
entrance hoard. 8-1911, VU, 33; course in naval 
constmcttoft, $-1919, XI, 25; entrsow require- 
ments, t-1911, VII, 16; mathematical dub, 13- 
1919, VUI, 16; unification of curriculum, 9-1911, 
IX. 37, , 

Master’s degree, counes of instruction, $-1911, XII, 

90-^36. • . 

MathemaHcal journals, list, 16-1999. VIII, 1 1-12. 

Mathematics, alnTof instructloo, ti-S9U, V, 16-16; 
and applied 8ciencu^i3-/0H. rand II, 108; com- 
ductpftbecouiae, f3-7W/,Iand II, 17-W; corretos 
thm w different lines, /3-23//. I and II, 168-180; 
elementary', i$~i9t / , I am) II . iM-W7 (duzsalo), 16- 
1911, I and II, 0P13O, unification {French), /6*- 
1911 , III and IV, 160-162; intraductimi lit eariy 
grades, 16-1911, I and II, 17; methods employed • 
In teaching, IS- 1911, 1 and II, 76-78; order oT 
studies. /3-/0//, land II, 167-168; pmxwedhiiion 
of di(Tcrent branches, 13-1911 , 1 ami II, HA turn 
and applied, separation, 6^1911 , 27-29. 90-61;' relit ■ 
tlato jot arithmetic to, 13-1911. 1 and II r «: it? 
paired and elective, 13-191 1 , I and H, l«7; seo- 
ondary.fsllutea toleehniqne, /d-/0/l,IIIandIV. 
M-IW; study, mtrpdha, Hotted Btatdl fililary 
Ao^y, 19-1 1; imuihing.tnfhimtoeA 

•idein publjc achooti, mmt ;s ad 
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Mechanics, ooll egss and tech^ogicajwhools, U- 
1915. Am. com., 46; colleges for men, *-W/. X. 12, 
stu<fy ( $-1911, lx, 19-20; United States Military 
ACftaem y . , a 1 , 13-1 4. 

Methods of ins true lion, 8-/9//, X II, 30-32. 

Michigan- State Normal College, arithmetic as a 
topic, 13-1911 , 1 and 1 1, 83-34. 

Michigan, University of, admission of students on 
certificates, 3-/9//, VI 1, 53. 

Mills, J. F., oo real applied problems in mathemat- 
ics, 7*-/9/J,Ill and IV, 161-163. • 

Models, use of (Colleges for men, 7-/9//, X,21; geom- 
etry, 18-1911, Illand IV, 32. 

Montana, teachers' certificates, 8-/9/ l,\ll, 62. 

Museums, educational, ilhistratNe exhibits, /3-Z9//, 

I and if, 109; mathematical, 16-1911 , III and r\ * 

i 34, 

Myers, O. W., on experimental work Ul the Univer- 
sity High School, Chicago , III, 16-1911, IIU*nd 
IV, 163-155. "" 

N. 

National Society tor the Promotion of Industrial 
Education, list of trade schools, 1S-19U, land 11, 

Nan^Academy. See United States Naval Acad- 

MavJ construction, course at Massachusetts Insti- 
tute of Technology, g-191t, 25. 

Naval officers, training, 9-191!. XI, 20-25. 

Neglect of mathematics, 14-1915, Am. com., 21. 
N«tom, high schools in the South. 18-191 1 , III and 
iv!l5; schools and colleges, teaching. *8-191 1, HI 

- an^ IV, 183-187; trade schools, list, J5-/9// 1 1 “»d 
11,159-160. 

Sttaiao Racial restrictions. 

New England States, township unit, 13-1911, 

I and U, 81. ‘ ' . , . 

New Hampshire, secondary schools, results or 
examinations, 16-1911, III and 1\ , 33. , 

New Jersey, teachers’ certificates, 8-1911, \ II, 1 
New York Central l.ines. apprentices schools, 
instruction, 13-1911, I and II, [73-177. ' 

New Y«rk City, preparation of teachers, /3-/911, 

I and II, T 4 C; promotion of teachers, 13-1911, 
land II, 14tM50; public schools, coursa,of study 
hi mathematics, 15-1911,1 and U, 147. 

New York High Bchool of Commerce, teaching, 
i-/9/jf VI 24. 

New York /State), admission to public hith schools, 
B-19H, VII, 8; couroea of study, U-l9lt, Am. 
oom., 14-16: education department, course or 
study in arithmetic, 13-1911. I and 11, 45 -oj; 
exam illations, 8-1911, VII, 40-50; specimen exam- 
ination' questions, 8-1911. VII, 43-50; teachers 
certificates, 8-/9//, VII, 61. ' . . 

New York University* Bchool of Pedagogy, and 
training of teachers, 19-1911, V, 6. 

New York, University of the Stole of, regents 
examinations, 8-/9//, VII, 40-43. 4 

Newhall. C. W., on a secondary school mathe- 
matics chib. t£t9t 1 , in and IV, 164-169. 

Nob public schools, types, 15-1911, I and 
Normal schools. pSdagogkal and ;rocaltoaal rtmrws 
In commercial subjects. 4-1915, VI.27-28, private, 
course of study, 19-1911, Land II. 149, instmot 
tton, 19-1911, V. 21-22; relation to other schools, 

. it*t9ii. V, 14-16; Btata, course of study, 1 J-/9/Z. 


Ordnance and gunnorv. teachinc. United Slates 
Military Academy, 9-191!, XI. 14. 

Ordnance School of Application, Sandy Upox, 

N. J.. work of. t-191 1, %l, 17-1 < ‘ 

Organisation of schools. 15-1911. I and II, 69-, 1, 
7S-83; modem ideas concerning. *-/9/?, VI, 16-35. 

p . . 

Paper folding, geometry. 16-1911, III and 1^ . 37: 
girK higl^Bhools. 16-1911. Ill and TV. 40. 

Parochial schools, grades seven and eight, /3-i9f/, 

I and II, H2-144. . 

Part-time schools, training. 15-1911, land II, 159. 
Pedagogical museums, 19-1911 , 1 and II, 126. 
Pedagogy, colleges for men. 7-/9//, X, 23-24. 
Pennsylvania teachers’ certificates. 8-191 / , VII, 62. 
Pennsylvania, University of, entrance require- 
ments, 8-1911, VII, 14-16. 

-Periodical literature, 15-1912, VUI, 11-12. 

“ Perry movement, P-J9J/, IX, 20; colleges and 
f technological schools. 14-191!, Am. com., 42-43. 
Philadelphia High School for GlrU, departmental 
management, 16-191 1, III and IV , 40—41. 
Pleroe/Benjamln, influence of, 6-1911, XII, 21;. sue* 
cess as professoral Harvard, 6-1911, XII, 7. 
Polytechnic Preparation School, Brooklyn, N. Y-, 
course in plane geometry (Smith), 16-191 /, 111 and 
IV, 156-100. 

Preparatory school* entranoe to college by certifica- 
tion, 8-/9JZ, VII, 50. 

Princeton University, entranoe requirements, 
8-1911, VII, 14-16; specimen Examination papers, 
9^91/, VII, 26-27. 

Principals, high schools, duties, 16-1911, III and 
IV, 14, 

» Trirat docent” system, 6-1911. XII, 55. 

Private schools, elementary, purpose, 13-1911 , 1 and 
II, 84-85; influences, /J-/9//, I and II, 131; sec- 
ondary. Instruction, /6-lP/i, III and IV, 1-137, 
organisation and curriculum, 16-1911, 111 and IV, 
113-109. ' „ M 

Problem work, ool leges for men. >-1911, X, 20. 
Problems, assignment, 0-/91/. XII, 12,31, 5*1. 
Professional school* collegiate grade, training of 
teachers, /8-/9M, V, 5-14, 

Profcssdre. See Teachers. 

Programs, yearly variatioos,6-/9/f, XII, 20. 
Promotional examinations, Boston, 8-79/ /, VII, 62. 
Promotions, coeducational high schools. Middle 
West, / 0-/9//, III and IV.55; elementary schools, 
mathematic!. 8-1911, VII. 10-14; girls’ high 
schools, 16-1911. Ill and IV, 42; high schools, 
/6-/9//,IllandIV, 15; private secondary schools, 
18-/9//, III and I V\ 131-132. 

Prosemlnars, 6-/9M, XII. 61. 

Psychological studies, influence, 15-1911. I and H, , 

• 128 . 

Public education, agencies, 13-1911 , 1 and II. 7-9. 
Public schools, grades 7 and 8, 15-1911, I and 11. 
127-4*2; kinds of industrial work, 13-1911, I and, 
* II 161; secondary, instruction, 16-1911, III and 
l\ l , 1-187; types. 18-1911 , 1 and II, 9-12.’ 
Publications, ool leges and universities, ;s-i9/f. 

Pupils,' transfer of, coeducational high Vhools, 
Middle States, 16-1611, 111 and IV, 52-53. 

Pure and applied mathematic* separation, 6-/9//, 
XII, 27-29, GO-61. *- 


U1WUOT „ — teaching, 56-1911, v. i»-w», 

trartmaes. 19-1911, V, 14. supervision, 18-1919, 
Sommer sessions, {8-1819, vfrj. X 42 * 

4 Mrf; teacher* 18-1811, V, 22-23; training, 
15-1941, land 11,43. . 

North Carolina, university of, entranoe require- 
ments, 9-/9M, VTI, 14-15, * ■ 

North Central Asrodation of Colleges andSecoodary 
Schools, organisation, 8-f97Z, VTI, 53-53. . 

Korfe Ptaoto, teachers* certificate* 8-1911, VII, 62. 

a 

Obtain College, entrance, requirements, 

Occupations, preparation fotfJ oondifttUonaJ h l rii 

... Middle Wert, 18-1811, ill tad tV f flf Battuta 
Btoto* 16-ltit, nt and IV, 7 

H Set afro Teaching, 


Quadratics, prlvato secondary schools, 16-1911. Ill 
and IV, 134-135; secondary schools, 16-1911, III 
and IV, 19-30. 

"Quls,” method, 6-1911, XII, 12, 60. 


RaceteetricUoos, tft\tfh\frtchooU,t&-l9il,nitn<\ 
IV, 42* * 

R tetsi restrictions, coednoritonal high schools* 
Middle Wert7/^9J/,1II m^IV; H. 
Ratlonaiiutton, methods of, 18-f9n K rand II, 
106-107. * 

Reading* High School, correlating jmsthfrnaiia 
WUh Slmoe end drawing, Jd-/9UitH and IV, 43. 


■ * 4*v. ^ Wy M I v^\ v fc - * v V ^ ■Z' * ( ^v't V *f* -J, 
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Rensalaer Polytechnic Institute, Troy, N. T. ( 
civil engineering, 9-191 L IX, 0. 

Rosearch work, 6-1911, XII, X, 32, 36^1. 

Rural schools, coura of stifiv, 19-1911, I and IT, 
71; Influences, 13-/9/ /, I and II, 131: Michigan, 
course of study, 13-1911, 1 and II, 83; organisa- 
tion, 15-1911, I and 11, 71; status of arithmetic, 
/3-/P/J, I and 11, 16. . 

S. 

Salaries, teachers, 6-1911, XII, 56. A 
Salem ^lasa.) State Normal School, Training courses 
for commercial teachers, 4-191?, VI, 28- 29. 

Sandy Hook, N. J , Ordnanoo School of Applica- 
tion. 9-1919, XI, 17-18. 

School board, county or township, duties, 1S-191S. 
V 11 1, 24. 

School certificates. See Certificates, school. 

School districts, independent, 15-191S, VIII, 24-2.Y 
School period, six-voar elementary, arguments for, 
15-1911 , 1 and II, 82-83. 

School year, elonontary schools, 15-1911. I and II, 
16; private secondary schools, 15-1911, 1 II and IV, 
122 . 

School organization. See Organization, school. 
Sciences, applied, and mathematics, 15-1911 , 1 and 
II, 168. t 

Scientific societies and periodical literature, 13- 
'/P/f, VIII, 10-12. 

Secondary schools, benefits derived from Collet 
Entrance Examination Board, 8-1911, VII, 9: 
not supported by taxation, supervision, /3-/9/f, 
VIII, 29-30; organization, curriculum, and In- 
struction, 14-1919, Am. com., 25-40; private, 16- 
1911, 111 and IV, 1-187, 113-169; public, instruc- 
tion. 16-1011, 111 and IV, 1-187, organization and 
work, 15-1911, III and TV, 11-36; requirements for 
graduation, 8-/9//, VI L 8; supervision and In- 
spection, 13-191? f VIII, 26-29; teaching, Ideal 
preparation, 19-1911, V, 13-14; technical, 4-191 S, 
V 1. 5-35, 1-35; undergraduate professional prepa* 
•ration for teaching, 15-1911, V, 8-10. 

* See also 1 1 igh schools. 

Sccrlcy, II. H., on training of teachers for elemen- 
tary schools, 15-1911 , 1 and II, 152. ■ 

Seminars, 6-1911, XII, 51. 

Sheffield Scientific School, and college entrance 
board, 8-1911, VII, 32; examination papers, 8-’ 
1911, VII, 24-25. . 

8bop courses, schools supported by public funds, 
list, 15-1911 , 1 and IL 158-159. 

Simmons College for Girls, Bbston, kfass, 4-191!, 
XI, 29. 

Slocum, S. E,, Redirection of educational alms, 
,9-1911. LX, 41. 

8'mith, E. R., on the plane geometry course In the 
1’olvtochnic IToporatinn School, Brooklyn, N. 
Y.,’/8-/9//, III and IV, 156-100. 

Society for the Promotion of Engineering Educa- 
tion, and sttffiy of mat hematics, 9-191 1, IX, 18-19; 
report, 9-/9//, IX, 10. ‘ 

South, The. coeducational high schools, 16-1911, 
III and IV, 62-66. 

South Carolina, University of, entrance examina- 
tion, 8-WU. VII, 15. c 
Springfield (Mass.) Evening School foe Trades, 
Instruction, 16-1911, III and IV. 176. v v 
Btandardlscd tests. 15-191 1 , 1 ana 1 1 , 36. 74. 

State Hoard of Education, powers and funotftms, 
/3-/9/I, I end II, 78-79. * . 

State normal schools, course of study, 15-1911, I 
and IX. 149. 

‘ Stone, C. W.. and standardizing tests, 1&-19U, I 
► and IT? 74, 16, y 

Students, graduate, at the present day ,6-/9//. XII, 
10-12; number of graduates. 6-1911, XII, 24; per- 
sonal conferences with, colleges for man, 7 -1911, 
X. 26-21. 

* Study time, 15-1911, l and II, 130. 


. h School for Boys, New York City, 

malhematkalcluh. 16-191 1, 111 and I Vs 34. 
Q um m er schools, 6-l9i K XH,“24; — 
couftes, 15-1819, VIII, »-«, 


mathematical 


t, county, duties. 15-4919, yiU, 23- 
*tft; State, duties, 15-1919, VIH, 21. * 

* Bimcrvlrion. secendarv school*. 16-4911, HI and 
i. IV, 13*18; Bute, 13-1919, VTU, 21-33. 

fluwato, Henry, on methods emp loved tn t— ching 
• ilwemary 1 ft&d & 0U* 

.-v>a - 


Syllabus, orthodox, secondarv schools, 16-1911 
HI and IV. 1 22 

Sylvester. J. J., Influence of. 6-1911, Xll. 21, 30 1 , pro- 
fessor at Johns Hopkins 1'nlrereilv, 6-1911, XU 
9.21. 

System of education. United States, 15-1911 , 1 and 
11,7-14; U-1911, Am. com*. 7-14. 


T, 


Teachers, 6-1911, XII, 15-18; academic and profes- 
sional training, private secondary schools. /6W 8//, 
111 aod IV; 127-129; adequate preparation, 14- 
1ST1, Am. com , 10-11; agricultural and mechan- 
ical colleges. 9-/9//, IX, 33; amount of graduate 
study required, 6-19H, XII, 54-55; appointment, 
6-1911, All, 57-60; appointment of graduates, 6- 
1911, XlL 23; assignments, private secondary 
schools, 16-1911, HI and IV, 124-125; boys' hUh 
schools, 16-1911, III and IV, 57; certificates. Bee 
Certificates, teachers; classes of society drawn 
from, 6-1911, XII, 60; colleges, 6-19ii f XII, 
52-54, colleges for men, 7-1911, X, 12, 24; courses, 
6-1911, XII, 53-64; degrees held, 7-/9//, X, 8-9; 
elementary schools, 14-1919. Am. com., 23, 
grades seven and eight, 13-1911, I and II, 
148-152. Now York City. 15-1911, I and II, 
146, 140-150, preparation for grades one to six, 
/J-/9//, I andll, 122-126, preparation for grades 
sewn ^pd eight, 15-1911, I and U, 144-152, roc* 
omnvmdntions for a teaching course, 15-191 1, 
land II, 43-44, training and qualification, / 5-1911, 

. I and II, 43-44; evening technical schools, lf-1911 . 
III and IV, 173-174; high schools, /S-/8//.IIIand 
IV, 14-16; independent technologfral schools, 9- 
1911, IX, 32-33; normal schools, 19-1911, V, 22-23, 
number and sex* private secondary schools, 16- 
1911, III and IV, 123-124; overburdening, 6-1911 , 
XII, 23, 49, 55. Gl; pedagogic preparation, 6-1911 , 
XII, 53; practice work, 6-1911, All, 62; prepara- 
tion, 6-1911, XII, 42-01, 7-/9//, X, 22-23, 9-1911, 
IX, 13; qualifications, 6-1911. Xll. 23, 69; salaries, 
6-1911. XII, S6,/8-/9//,III and IV, 82-83.125-126; 
secondary commercial schools, preparation, 4- * 
1919, VI. 28-29; secondary mathematics, desirable 
standards, 16-1911, 111 and TV, 81-82; State and 
local examinations, 8-1911, VII, 60-62; supply, 

6- 1911 , XII. 55-66; technological schools, 9-lkl’l, 

IX, 23-26; trade and Industrial schools, 15-1911, . 
I and n, 178-181; training, colleges and uni verst- 
ties, summer sessions, 13-1919. VIH, 42-44, odhts- 
spon donee departments pf colleges and universi- 
ties, 16-1911. ul and IV, 181-182, elementary and 
secondary mathematics, 19-1911, V, 1-23, profes- 
sional schools of collegiate grade, 19-1911, V, 5-14, 
normal schools, summer sessions, / 5-/9/ VUI, 
44-15, publiohlgt schools, 16-1911, III and IV f 
76-83, secondary schools. / 4-/9/ S, Am. com., 33-39, 
technical secondary schools, +-1919, VI, 15-16, 
technological departments of colleges and uni- 
versities, 9-1911. IX, 39-40; universities, 14-1919, 
Am. com., 52-54; women's colleges, 7-1911, X. 27; 
work, InfluenoiBrf tending to improve*./ 5-/9/ f, 
VIII, 6-9. • 

Teechers* associations, influence. 16-1911, III and 
IV, 86; mathematics, 16-1911, XU and TV. 53-54; 
organisation, purposes, and meetings, 15-1919, 
VIII, 12-16. * 

Teachers College. Columbia University, N. Y., and 
training of teachers. /#-/2f /, V, 6. 10,1 1 , 12; oourss 
a Jn commercial subjects, 4rt919, VI, gp, 

'Teachers' institutes, aims, organization, and work, 

15- 19/ 2, VUI, 16-20; blbllograp^, 19-1919, VUI, 

Teaching jkdvanoeS, 14-1919, Am.oom., fl-fil] elms, 

7- 1911, X, 18; amount of, colleges for men. 7-/9//, 
x, 21; arithmetic, elementary schools, ti-1911, 1, 

jmd IX, 117-120. 103-106; at the present time, 9^ 

1 911, XII, 44-47^boyi’ high schools; 16-1911, III 
ami IV, 38-49; coeducational hlghschools, Ulddle 
West, ifrtP//, III anti IV. 60-61, Padfio coast, 

16- I9lflj.ll and IV, 72-74, Southern States, 16- 
1911, m and IV, 64-65; correspondence depart^’ 
meats of colleges and untrezattinT, 16-1911, lit and 
IV, 18k Women tary mathematics, methods safe 
ployed (&uxmi&o),1&491i,1 and 11,93-120: Mam- 
my school*, concrete methods, 13-1911, I and IT, ' 
U£kUl. departmental methods, f 3-19/1, land II. 

. Ul, induction «Od dWuction^/WJ, I aod II, 
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141-143; methods employed, l9-)6il, X and 11, 75- 
79, rapidity and accuracy, lS-l9lt, I and XI, 140, 
uae of special algorisms,i3-/9//> lend II, 111-113; 
failures In technique, secondary mathematics, 
16-1911, III and Iv, 99-108; girls nigh schools. l$~. 
tBlt, 111 and XV, 46-47; In Oie past, 6-1911, XII, 
43-44; independent correspondence schools, 16- 
1911, 111 and IV, 179; methods, 16-9911, 111 and 
XV, 31-34; modem tendencies, State nortnal 
aohools, 19-4911, V. 19-30; normal schools, 19-1911, 
V, 15-16* present preparation and Its deficiencies, 
$-191 1, Xll, 47-60; private secondary schools, 
16-1911, 111 and IV, 136-138, 143-146; purpose, 
United States Military Academy, 9-19/9, XI, 
16-1 1; secondary commercial schools, 4-1919, VI, 
97V28; State normal schools, 19-1911 , V, 16-1K; 

' secondary schools. 14-191$, Am. com., 31-33; 
technological schools, aims and methods, 9-1911, 
IX, 23-24; Washington Barracks, D. C , 9-1919, 
XI, 16-17. 

Technical schools, day courses, 19-1911, I and II, 
166; evening, 16-1911. Ill ahd IV, 170-177; sup- 
ported hy public funds, list, 19-1911, 1 and II, 156; 
secondary, 4-1919, VI, 1-36, aim of instruction, 
13, VI, "" ‘ 


, 6*11. cb-educatkm; 4 t 1912. VI, 16, cur- 
ricula, VI. 8—11. examinations, 4-1912. VI, 

11, 17, instruction, 4-iPlt, VI, 5-35, methods of 
teaching, £1913, VI, 11-15* 17-20. modem Ideas 
concerning organisation. 4-1912, VI, 16-36, train- 
ing of teachers, 4-1919, VI, 15-16. 

Technique, fail urvs In, teaching of secondary mathe- 
matics, 16-1911. Ill and IV, 99-106. 

Techno logical education, historical sketch, 9-19H, 
- IX, 6-8; present general conditions, 9-191 1 f IX. 
8 - 10 . 


Technological schools, 6-1911 , XJU 10; collegiate 
- grade, 9-1911, IX, 4-14; departments in colleges 
and universities, 9-1911, IX, 34-44; entrance rc- 


. w ^usumsi imiy p-i * t 

preparation of teachers, 9-;9/i,.IX, 33-33; 
Uonhalre sent, 9-1911, IX, 11-13; review of re- 
ports of subcommittees, 9- 1911, IX, 13-26. 
Technological subjects, correlation of mathematics 
with, 9-1911, IX, 18-21. 

Tennessee, elementary schools, course of Study. 19- 
1911 , 1 and 11. 81-82. 

Textbooks, 19-19U, V, 9-10, 13; early. 19-1911, III 
. and IV, 23-84; elementary schools, use, 11-1919, 
Am. Com., 15-16; for industrial workers, 16-1911. 
III and IV, 177: lmportanoe, secondary school# 1 
16-1911, HI and IV. 16* Independent correspon- 
dence schools, 16-1911, llfcand IV. 179-180; prep- 
aration and promotion, 19-1919, VIII£ $3-35; 
secondary commercial schools, 4-1919. VI, 27; 
secondary schools, 16-1611, HI and IV, 17; use, 
6-191 It XII, 12. 13. ' 

* Theses. 6-19llrX\l, 12,61-63; publication, 40. 

’ . Thorndike, K. L.,aim of elementary edboatton. 19- 
1911 , 1 and II, ly 

Township organisation, schools, 19-1911 , 1 and II, 

Township unit. f3-i9/i, : I<ad II, 81; Massachusetts. 
U-fW/T I anq U, 81. 

Trade schools; oolofefl race, list, 19-1911, 1 and II, 
1594th; Instruction, 19-1911, I and k II. 155-196; 
lupq — *- J *■ 1 — ** * — **— » 


*11, 178-181. 


n. lfa-173; Kiris' high tehoStTis-Wt, l 
IV, 45; private scmndaryschoou.Vd /S//, III and 
* IV. 135 id colleger forlttgroes. / 6-191 1, 1 II 

IV, 185; secondary 16-1911, III apd 

IV, 17. 31, Ifc spoffmen examination paper, 
9-1911, Vll, 33, 2?; Uhited States Naval Adademy, 

■>/wa t ■ 


• V, 

luale work, collegMoflihoralarUand uni- ’ 
[ties, 6-1911, XJI. 11. 14; 7-1911, X, 1-30. 
UniformUy .danker of, U-lMt, Am. com:, 20-21. 
United States, system of education, 4-1919, Am. 

. cbm., 7-14. 

United States Bureau of Education, work, 19-1911, 

I and II, 78. 

United States Military Academy, administration, 

. t-191t, XI, 11-12; course in mechanics and astron- 
omy, 9-1919. XI, 13- L4; oourso of study, 9-6619, 
1-25, XI, 7-10; entrance retirements, 9-1919' 

XI, 6-1, 8-1911, Vll, 14; historical s«fch, 9-/9/;,* 
XI, 6: methods, reviews, and examinations, 

8 - /9/;, XI, 12-13; purpose k>f teaching, 9-1919, 

XI, 10-11. 

United States Naval Academy, mathematics, 

9- 1919, XI, 1-25; work 61. 9-1919, XI, 20-^5. 
Universities, adaptations to needs of high school, 

f8-r9il, HI and IV, 53; graduate work, 6-1911, 

XII, 1-63; organisation, degrees, Instruction, . 
14-1919, Am. com., 61-69; State, and private nor- 
mal schools, 19-1911, -'>V2I supervision, 19-1919, 
VIII, 30-32; summer .sessions. /J~/9/f, Vll 1, 36-42: 
training of touchers for high schools, 16-1911, 111 
and IV, 79-81. 

University, and college departments of education, 
training of teachers, 19-t9tl, I*and 11, 148-149. 
University of Chicago, and training of touchers, 
/;-/9//,V,7, in. li. 

Univenll^of Maine, and college entrance hoard, 

/-/$//, Vll. 32. 

University School, Montgomery, Ala., object, 
/5-/9//,'I and 11, H4-S5. 

Utah, teachers’ certificates, 8-191 * , Vll, 62. 

V. 

Vermont, University of, entrance requirements, 
8-1911, VII. 14-15,. 

Vocational education. See Technical schools! 
Vocational industrial work, 19-1911, I and II, 

. 162-163. t * 

Vochtloual studies. See Occupations. 

W, 

Washington Barracks, I>. C.; Engineer School, or- - 
ganlzation and work, 8-1919, XI, 14-17, 

Washington Irving High Schoql, New York City, 
relation of mat hematics to industrial work, 
13-1911 . 1 and Ilf 165. 

Watervilie, University of, entrance requirements*, . 
8-1911, VII, 15. 

Wesleyan 'College, and college entrance board, 
fcrftd/j VUi’ja. 

Wesl'I'blnh See United States Military Academy. 
Whitney. Professor, on the problem of harmonising 
State inspection hy numerous colleges, 8-1911, 
VII, 63. 

William Penn High School ** Girls, Philadelphia, * 
)*a., mathematical dub* 16-191 1, HI and IV, 34. 

W 111 lams College, and college entrance board, 8-191 1, 
VII, 32. 

Wisconsin, teachers' .certificates, 8*79/ f, VII. 02. 
Women, colleges. See College* for Women. 

Worcester Polytechnic Institute, and. college an- * 
trance board, 8-19//, Vll, B. 

Work In absentia, 6-jkil. XII, 33-33, 37/ ' 
"Workshop" mathematics, dangerous element, 
4-/9/;, vf, 19; disousskm, 4-/9/ 1. VI, 15-%; 
Wyoming, teachers' certificates, /-/4U/, Vll, 9t. 
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